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Cooperative Relaying Model and Its Operation in 802.16m 
Dongguk Lim, Aeran Youn, Jong Yong Han, Kiseon Ryu, Jin Sam Kwak 
LG Electronics
1. Introduction
In the generic relaying model, the traffic and signaling between BS and MS is relied by relay station thereby extending the coverage and increasing the performance of the system in area where RSs are located [1]. This implies that the relay station may be used to provide the enhancement of average user/sector throughput and cell coverage extension in the IEEE 802.16m system[2]. Furthermore, the cooperative relaying may be quite promising for the increase of the system throughput and the enhanced reliability of the received signal by exploiting the diversity gain and mitigating the interference through the cooperative operation between BS/RS and RS. However, its feasibility with the signaling overhead and increased complexity needs to be further investigated. In this contribution, along with some considering points for cooperative operation with various RS types, the possible cooperative relaying models are discussed. 
2. Concepts of Cooperative Relay 
In the IEEE 802.16m, the two different types of RS are defined such as transparent RS and non-transparent RS. The definition of each RS type shown in Figure 1 is addressed as follows [3]: 

1. Transparent RS

▪ Not transmit system, broadcast, control information such as DL superframe header (including P-SCH and BCH) and USCCH 
▪ Can operate in centralized scheduling mode

2. Non-transparent RS

▪ Transmit system, broadcast, control information such as DL superframe header (including P-SCH and BCH) and USCCH
▪ Can operate in both centralized and distributed scheduling mode
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Figure1. Example of transparent RS and non-transparent RS structures
One of the main concepts for cooperative relaying is that multiple RSs/BS and RS collaborate each other to mitigate the interference or to obtain the diversity gain by transmitting the same data in the same resource for MS simultaneously. To this end, the cooperative operation between BS/RS and RS depends on the RS type and its scheduling operation mode. Since, for the centralized or distributed scheduling mode, the resource allocation and scheduling-related control information are determined by the BS or RS, respectively, the signaling overhead with increased complexity at the BS or RS and data/control latency should be compared with the possible gains from the various cooperation mechanisms or scenarios using cooperative RSs. 

3. Cooperative Relaying Scenarios
Several mechanisms of cooperative relaying have been already defined in IEEE 802.16j [1]. The cooperative relaying is mainly considered as the transmission of user data sharing the same resource between BS/RS and RS within a cell. As the cooperative or collaborative mechanisms among cells such as collaborative MIMO, FFR, etc have been discussed in the IEEE 802.16m SDD [2], the cooperation scenarios between serving BS/RS and neighboring BS/RS need to be considered in both inter-cell case and intra-cell case using the cooperative relaying operation. Figure 2 illustrates the high-level operation scenarios of cooperative relaying in the single-or multi-cell environments.
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Figure2. Example of cooperative relaying scenarios in single- and multi-cell environments

The followings are brief descriptions of the cooperative relaying mechanisms depending on the level of cooperation, RS types, resource/data sharing such as inter-/intra-cell, (non-)transparent RS, etc. 

■ Intra-cell Cooperative Relay
The cooperation relaying within a serving BS can be categorized into two scenarios conceptually according cooperative stations. One is the cooperative relaying between serving BS and subordinate RS and the other is the cooperation between RSs in the same cell/sector. In both cases, all operations related to cooperative relaying are usually confined to the cooperative diversity, in which the BS or super-ordinate RS can control for sharing the resource/data of the MS with subordinate RS within a serving cell. The inter-BS cooperation such as multi-cell spatial multiplexing, collaborative MIMO and macro-diversity scheme, interference mitigation schemes, etc can be also applied and extended to the intra-cell cooperative relay. The details of the categorized cooperative relying models are further described as follows:
• Cooperative operation between BS and RS

The RS operation can be different, depending on the types of the cooperative RSs, i.e.,transparent or non-transparent RS.
(1) Transparent RS case
The MS receives all control messages from serving BS because the serving BS broadcasts the system configuration information and transmit MS-scheduling information without the transmission of the RS-scheduled the control signals. In this case, the RS may just forward the control signal for MSs obtained by the serving BS. Since the data and control messages for the cooperative operation are conveyed from the serving BS, the additional signaling or control mechanisms with increased complexity are not necessary to share the RS-triggered data and control messages. In multi-station cooperative data transmission, both RF combining and soft coming can be considered, i.e., RF combining can acheived by transmitting the same data from the multiple stations and soft combining can be achieved by optimizing each received signal in BS-MS, RS-MS, BS-RS links separately.

(2) Non-transparent RS case
The serving BS or superordinate RS needs to share the channel quality information, resource allocation/ scheduling information on the specific MSs operated by the non-transparent subordinate RS in order to operate the cooperative relaying. In this case, in order to transmit the data using the same resource between serving BS/superordinate-RS and subordinate-RS, some alternatives triggering the cooperative operation can be considered: First, in the MS-triggered cooperation, the MS requests the resource/band for cooperative relaying to subordinate-RS and its forwarding to the serving BS/superordinate-RS. Second, the subordinate RS triggers and makes a decision of the cooperative relaying by considering the channel conditions between the RSs and MS and request to serving BS/superordinate RS. Third, the serving BS/superordinate-RS decides the resource allocation for cooperative relaying like as transparent RS case. Depending on the various types of channel quality feedback information such as interfering precoding vector, interfering power level, interference channel matrix for collaborative MIMO scheme, the cooperation modes mentioned above can extend to the intra-cell cooperative relaying with or without the same data transmission in the same resource for the interference mitigation and throughput enhancement. In this operation, both RF combining and soft combining can be considered as a multi-station cooperation as described in the transparent RS case. 

• Cooperative relaying between RS and RS

The various cooperative relaying between/among RSs can be considered according to the RS types, the level of relay hopping, the inter-RS grouping, etc. Since the inter-RS direct message exchange is not usually allowed, the superordinate RS operated by non-transparent mode only can control and schedule the cooperative relays in the autonomous manner. For the superordinate transparent RS, the information and command message for cooperative relaying between RSs are transmitted from the serving BS. Also, the cooperation between RSs in the same hopping level is controlled by the serving BS as the similar operation between serving BS and transparent RS. However, the superordinate RS needs to share the data and related control/feedback information  with cooperative subordinate RS. In the case of the non-transparent RS, on the other hand, the superordinate RS can operate without BS-assistant controls. Therefore, the cooperative relaying between/among RSs can be categorized as follows: 
- Cooperative relaying between/among RS(s) in the equivalent hopping levels
- Cooperative relaying between/among superordinate RS and subordinate RS(s) (even-hop and odd-hop) 
- Cooperative relaying between/among RS(s) and RS(s) within the same relay group 

- Cooperative relaying between/among RS(s) in the different relay groups 

■ Inter-cell Cooperative Relay
In the cooperative relaying between serving BS and neighboring BS (or RS subject to neighboring BS) as shown in Figure 2, the RSs in the different serving BSs are used for the cooperation, i.e., MS2 is supported by the cooperation relaying between RS2 (serving from BS1) and RS2 (serving from BS2). Since each RS is subject to the different serving BSs, inter-BS cooperation is necessary to share the user-specific data and RS-specific control/data information for inter-cell relay cooperation. The excessive control and data exchange for inter-BS cooperation is quite challenging due to the large additional burden of the complicated operation, increased complexity and latency, signaling overhead. 
4. Consideration Points for Cooperative Relay 
■ DL/UL control information

For cooperation relaying in which multiple station (BS or RS) can transmit the same data for the specific MS using the same frequency/time resource and vice versa, the MS should be capable to receive multiple control (or reference) signal from multiple station (BS or RS) in order to perform multi-station cooperation for RF combing or soft combining. If the resource for cooperative relaying is not pre-defined, e.g., common/reserved zone or resource, serving BS or RS should share the scheduling with cooperative RS or BS and the corresponding MS. In addition, the BS or RS needs to perform UL power balancing for the MS and RS not to waste unnecessary power [4] 
■ Reference signal design
The additional dedicated reference signal could be designed for MS to accurately measure or estimate multiple channel conditions from different cooperative stations. As the IEEE 802.16j, the RS-specific preamble or midamble can be helpful to acquire/maintain time and frequency synchronization for subordinate RSs and to enable the RSs to monitor its neighborhood. 

■ CSI feedback
The additional channel quality/state information reporting mode should be designed in order to determine the collaborative operation and its corresponding stations because the MS may receive the data through the multiple downlink channels from multiple stations. This kind of feedback information also needs to share between serving and cooperation stations by forwarding the received feedback information at the subordinate RS to the superordinate RS/serving BS or by directly transmitting the feedback information to the serving BS/superordinate RS or subordinate RS. It is necessary to further investigate and compare the additional feedback channel and required signaling overhead with the performance gains.
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Text Proposal for the 802.16m SDD
============================== Start of Proposed Text =================================

Section x.x.x. Cooperative Relaying
Cooperative relaying between serving BS or superordinate RS and subordinate RS can be considered in the DL or UL transmission. The inter-RS cooperation is limited to RSs in the same serving BS.
=============================== End of Text Proposal ===============================
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