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1. Introduction

One of the main issue of frequency-domain scheduling and frequency selective precoding is to overcome the extensive precoding matrix indication (PMI) and CQI feedback overhead. Some efficient CQI feedback schemes have been proposed and analyzed in [1], [2] and [5], which can achieve most of frequency selectivity gain with very few bits of feedback. The current working assumption for precoding feedback granularity is either in the order of 5 (e.g. 4, 5 or 6) adjacent RBs (exact single value to be decided in relation to the CQI discussion) or whole/subset of RBs. 
There are a few approaches to going forward:

1. Different feedback mechanism. As discussed in [6], CQI for all the candidate UEs using dynamic scheduling are needed for scheduling purpose while precoding information are only required for UEs scheduled for MIMO transmission. Therefore, PMI feedback may be controlled dynamically. Totally different mechanisms will be used for CQI and PMI feedback which results in different feedback channel designs.
2. Same feedback mechanism but separate feedback schemes/channels for CQI and PMI feedback. In this approach, CQI for all candidate UEs using dynamic scheduling, and PMI for all candidate UEs using MIMO transmission are reported. Separate feedback schemes are adopted for CQI and PMI reports which may result in separate feedback channels. 
3. Joint feedback scheme/channel. Since the schemes which reduce overhead for CQI feedback can also be used for PMI feedback, one way forward is the joint feedback scheme/channel for CQI and PMI report. This approach can further reduce the total feedback overhead since an index can be used to indicate a group of resource blocks for both CQI and PMI report.
In this contribution, a joint feedback scheme for CQI and PMI report is proposed.
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Figure 1 – Illustration of joint CQI/PMI feedback using various overhead reducing schemes.

2. Joint CQI and PMI Feedback
In this section, a joint CQI and PMI feedback scheme is proposed which works with various overhead reducing schemes for channel dependent scheduling. Resource block groups (RBGs) are defined according to the CQI feedback scheme adopted [5]. Each RBG may feedback a distinct PMI. For example, up to 2 PMI reports are needed for bitmap and M+1 PMI reports for top-M feedback schemes as shown in Figure 1. For hybrid feedback schemes, the number of RBGs for CQI and PMI reports is based on the number of levels for CQI feedback. Only one PMI needs to be reported for UEs with wideband CQI feedback.

As shown in Figure 1, for each RBG, only the PMI that is optimal in the average sense for the subcarriers/RBs corresponding to that RBG is reported. PMI may not be reported for the lowest level if CQI is not reported or precoding is not performed for those RBs.
3. Joint CQI/PMI Report and Overhead

The joint CQI/PMI report consists of a regular CQI report, a PMI report and a second (differential) CQI value for 2 codeword transmission. Table 1 shows the number of bits per joint CQI/PMI report for several overhead reducing schemes. For bitmap, hybrid and generalized feedback schemes, the numbers are taken from [5]. Note that the generalized feedback scheme has a flexible structure and can realize various schemes such as top-M, bitmap and hybrid. Here, the typical value of X is 0 for none-precoding UEs, 3 (or 5) for precoding UEs with one (or two) codeword transmission. 
Table 1 – number of bits per report
	Scheme
	5 MHz (25 RBs)
	10 MHz (50 RBs)
	20 MHz (100 RBs)

	Wideband
	5+X bits
	5+X bits
	5+X bits

	Top-M
(M=4)
	4*(9+X) bits
	4*(10+X) bits
	4*(11+X) bits

	Bitmap
	11+X bits
	17+X bits
	30+X bits

	Hybrid
	7+X bits
	9+X bits
	9+X bits

	Generalized FB
(T=3)
	13+X bits
	14+X bits
	15+X bits


As shown in [4], with CDM uplink control channel structure, the number of bits per CQI/PMI report per sub-frame should not be significantly higher than 10 even for UEs with relatively good channel. Therefore, to achieve a reasonable overhead of CQI/PMI feedback, we propose the following:
1. Joint CQI/PMI report is used for UEs with both CQI and PMI feedbacks.
2. For UEs with relatively poor channel, only wideband CQI/PMI report is fedback. If precoding applies to these UEs, the report may be sent using 2 consecutive sub-frames.
3. For UEs with relatively good channel, narrowband CQI/PMI report may be fedback. If the number of bits per report is significantly higher than 10, the Node-B can control the UE to send the report using more than 1 consecutive sub-frames.
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