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1.
Introduction
The support for multi-hop relay has been included in the current 16m SDD [1]. In this contribution, we propose an uplink feedback scheme which utilizes relay stations.
2.
Relaying Feedback
User feedback is an important mechanism in modern cellular systems, it is critical for various operations such as scheduling, adaptive coding and modulation, precoder derivation for MIMO schemes etc. Depending on the operation that requests the feedback, the size of overheads could be different. However, when the number of users in the cell is very large, the problem of feedback overflow may occur, in which the total amount of feedback exceeds the maximum capacity that the feedback link can support.
In correspondence, we propose a feedback topology which utilizes the deployment of infrastructure relay stations. In particular, the proposed topology is designed to assist the BS by reducing its burden of the scheduling process. During the scheduling, the BS has to select and assign users in each of the resource units. As most scheduling algorithms are channel-dependent, the BS may need to examine the feedback content of every user, which results in a cumbersome operation if the number of user candidates is too large. 

The proposed topology is illustrated in Figure 1:
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Figure 1: Feedback topology based on relay stations.
Instead of letting all MS send their feedback directly to the BS, we suggest that the users can send their feedback to the relay first, if the user is within the service zone of a relay. Furthermore, prior to forwarding the feedback data to the BS, each relay can perform “filtering” based on certain criterion to remove some users from the candidate list. In other words, the whole scheduling process is divided into two separate stages. In the first stage, relays receive the feedback from the users and carry out the first-round elimination, then forward the feedback content of the qualified users to the BS. Then, the BS makes the final decision of scheduling based on the users that have nominated by the relays. Therefore, the total feedback with respect to the BS is reduced significantly. 
For example, presuming that there in total N users and K relay stations that are deployed uniformly in the coverage area of the cell, and each relay station has to nominate at most Q qualified users in the first stage. The number of users nominated by kth relay is denoted as qk. In some cases, a relay station is only able to collect the feedback from qk<=Q users, and the relay shall forward the feedback content from all these qk users to the BS. Based on the assumptions of Rayleigh flat-fading channels, we have obtained the following simulation results.

Figure 2 shows that the total feedback is proportional to the total number of users. If relaying feedback mode is used, we can constrain the total number of feedback users in order to prevent the occurrence of overflow. For instance, if K=10 and Q=10, we can see that the number of feedback users is limited to be below KQ = 100 regardless of the total number of users in the service zone.
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Figure 2: Comparison of number of feedback users with and without relaying feedback.

As aforementioned, feedback is critical for closed-loop MU-MIMO as channel information is required for precoding matrix construction and user selection. In correspondence, we inspect the performance of such schemes with relay-feedback. We assume that each relay nominates top Q =10 users in terms of highest CQI (SINR) and PU2RC algorithm is used at the BS as the user selection method. Figure 3 and 4 show the comparison on resultant average throughput between direct feedback and relaying feedback with different SNR levels and number of users. It can be seen that the performance loss due to reduced multi-user diversity is only marginal. 
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Figure 3: Comparison of resultant average throughput between direct feedback and relaying feedback at different SNR levels.
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Figure 3: Comparison of resultant average throughput between direct feedback and relaying feedback with different total number of users.
3.
Proposed text for amendment working document

------------------------------------------- Start of Proposed Amendment Text --------------------------------------------
15.X. Multi-Hop Relays
15.X.1. Relaying Feedback
Relaying feedback mode shall be supported by ARS, in which the ARS is able assist the ABS in the scheduling process. Instead of sending the feedback content directly from the AMS to ABS, the ARS shall first collect, decode and forward the feedback data from the AMS in its service zone.
When relaying feedback mode is activated, the ARS are allowed to perform primary user selection process by filtering out some feedback data before forwarding it to the ABS. 
Relaying feedback mode shall be activated when the total number of users exceeds a certain level. The ABS shall send an IE as the control signal to notify both ARS and AMS when the uplink channel for feedback is not sufficient to accommodate all users. 
-------------------------------------------- End of Proposed Amendment Text -------------------------------------------
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