TSG RAN WG1 meeting #48






 



 R1-070898
St Louis, USA, February 12-16, 2007
Agenda Item:
6.9.1
Source:
Huawei
Title:
Uplink overhead for CQI and MIMO feedback in E-UTRA
Document for:
Discussion 
1 Introduction

Frequency selective scheduling (FSS) and precoded MIMO are performance boosting enhancements suggested for E-UTRA downlink. Although these methods have shown to give the significant downlink gains required to meet E-UTRA targets, their use has to be paid in an increased uplink L1/L2 control signalling overhead. A number of methods to reduce the uplink overhead for FSS [1]- [6] and MIMO [7]-[10],[13],[15] has been suggested and their merits have been evaluated.
To reduce the feedback from each individual UE, selective feedback methods [3]
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[14], such as the Best-M method, have been suggested where FSS enabled UEs feeds back information about a subset of all available frequency subbands only, together with a label to indicate the positions of these subbands. Although transmission of the label increase the overhead, the total overhead is reduced if the value M is limited to be significantly smaller than the total number of subbands K. When FSS is used, the loss of only knowing the channel quality for a limited subset of all subbands is small [3]
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[5].  This selective feedback approach has also been suggested for reducing MIMO feedback [9]

 REF _Ref157503999 \r \h 
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[15]. 
The uplink control signalling can also be reduced by introducing multiple modes of uplink control feedback [2] [13]

 REF _Ref157504773 \r \h 
[14], depending on several parameters such as the requested service (VoIP, HTTP, FTP, streaming,…), data buffer content and delay requirements, channel characteristics (such as suitability for MIMO transmission and UE speed) etc. Each UE is thus individually assigned one feedback mode in order to balance the feedback overhead with the needs of the particular UE. When NodeB finds it suitable, it may instruct a UE to start signalling uplink control information using another feedback mode.

In this contribution, we make an approximate analysis of the capacity needed in the uplink control channel for the CQI and MIMO control feedback to support at least 400 users per cell which is the number stated in the requirements [11]. 
The overhead is estimated assuming different granularities in the feedback for FSS and MIMO and with different mixes of these 400 UEs in the feedback modes. The benefits of selective feedback are compared to full feedback, taking into account also the label signalling. For simplicity, we have assumed periodic feedback and that all UEs in a certain feedback mode use a fixed feedback interval. Since the details of the control signalling have not been settled, quantization of the control information into blocks of certain fixed sizes were not considered. The overhead is estimated as the ratio of the total amount of bit rate needed for CQI and MIMO control signalling from all UEs to the total uplink capacity. In Section 2 the feedback modes are introduced and in Section 3 the overhead analysis is made. Section 4 gives a discussion and in the Appendix, assumptions regarding the calculations are given.
2 Multiple modes for uplink L1/L2 control 
To reduce the uplink CQI and MIMO control signalling overhead, we suggest that the NodeB give each UE a feedback reporting period plus one of the four feedback modes below, in line with [13]:
1. Wideband feedback. The UE feeds back a single CQI to enable link adaptation for distributed channels. Usually this feedback is slow (20-40 ms interval).

2. Narrowband feedback. The UE feeds back the necessary CQIs to enable FSS. No feedback provided to perform (closed loop/precoded) MIMO transmission.
3. Narrowband SU-MIMO feedback. The UE feeds back CQIs and the necessary MIMO information to perform both FSS, rank adaptation and narrowband MIMO precoding.

4. Narrowband MU-MIMO feedback. The UE feeds back CQIs and the necessary MIMO information to perform FSS and a narrowband precoding matrix index. 

Some notes on the feedback modes:
· The switching between the modes are determined by the NodeB. The switching mechanism and related signalling is FFS.

· Wideband feedback is used by UEs scheduled on distributed channels, such as high speed UEs, persistently scheduled UEs and UEs in active state but with no data to receive, for fast access to radio resources. Open loop TX diversity (single codeword) can also be used in this mode.
· Narrowband feedback give information to perform FSS.  Open loop TX diversity (single codeword) can also be used in this mode. 
· Narrowband SU-MIMO require the most bandwidth consuming feedback and should therefore only be used by UEs that really have use for it. It include narrowband precoding matrix index, CQI for up to two codewords, rank indicator and information for FSS.

· Narrowband MU-MIMO feedback feeds back a single codeword CQI and an index to a single precoding vector (since one layer per MU-MIMO was agreed working assumption in meeting #47bis). It is FFS is FSS is enabled for MU-MIMO UEs, here we assume that FSS is used and that precoding is narrowband. Furthermore, note that the precoding codebook may in MU-MIMO be significantly larger than in SU-MIMO to enable Zero Forcing precoding type of feedback (channel vector quantization). 
· In the narrowband modes, selective feedback, e.g. the Best-M method can be used to reduce the number of feedback bits.
3 Overhead analysis
This section gives the feedback overhead analysis. Our aim is to analyze both the full feedback and a selective feedback scheme. It is assumed that the bandwidth is 10 MHz and the 50 RBs are grouped into RB groups (RBG). Following the working assumption from meeting #47bis, regarding grouping for PMI feedback, we assume the following groupings granularities are used for both PMI and CQI feedback. 

	Granularity
	RBs per RBG

	I
	2 

	II
	5

	III
	10

	IV
	50 (whole bandwidth)


We also assume that link adaptation is used for the control feedback. It is reasonable to assume that a UE which feeds back SU-MIMO feedback has a good SINR and could therefore feed back control information with a MCS with higher code rate and/or modulation order. On the other hand, cell edge users may need repetition to achieve coverage, and the spectral efficiency is therefore low [16]. In the appendix table, we list the assumed spectral efficiencies and other assumptions made in the overhead analysis of this contribution. 
In the selective feedback, only feedback for a subset of all RBG are provided plus a single averaged secondary channel quality value per codeword for RBGs outside the selected subset. The penalty for using selective feedback is the feedback of a label that uniquely determines the subset. If the size of the subset is limited to a maximum value, compression of the label is possible [12].  
We have analyzed the cases in Table 1 reflecting the feedback modes in Section 2. 
Table 1 Analyzed cases of feedback mode mixes. Number of UEs per feedback mode.
	Case
	Wideband
	Narrowband
	SU-MIMO
	MU-MIMO

	A
	400
	0
	0
	0

	B
	376
	24
	0
	0

	C
	360
	24
	8
	8


Table 2 Number of feedback bits per UE, selective feedback of M=5 RBG

	Granularity
	Feedback bits per UE

	
	Wideband
	Narrowband
	SU-MIMO
	MU-MIMO

	I (2 RB)
	5
	44
	84
	144

	II (5 RB)
	5
	36
	76
	76

	III (10 RB)
	5
	25
	62
	45

	IV (50 RB)
	5
	5
	14
	9


Table 3 Number of feedback bits per UE, full feedback

	Granularity
	Feedback bits per UE

	
	Wideband
	Narrowband
	SU-MIMO
	MU-MIMO

	I (2 RB)
	5
	125
	302
	225

	II (5 RB)
	5
	50
	122
	90

	III (10 RB)
	5
	25
	62
	45

	IV (50 RB)
	5
	5
	14
	9


It can be seen from Table 2 and Table 3 above that for RBG size of 10 RB and larger, there is no difference between selective and full feedback since the bandwidth are 10 MHz (50 RB) and we have selected M=5 in the selective method. For finer granularity, the selective feedback method gives a significant reduction in overhead. 
3.1 Results

Here follow the results where the required uplink bit rate after coding is indicated plus the overhead in percentage (assuming no block size quantization losses). It is assumed that all UEs use the same granularity in their feedback and the same CQI/PMI reporting period according to Table 6. In Table 4, the results for the selective feedback is given. In Case C, with MIMO and with granularity of 2 RB per RBG for FSS, we need 737 kbps, which can be fit into 6 RB in the uplink. The corresponding overhead for full feedback is 1504 kbps or 11 RBs. 
Table 4 Uplink data rate for control signaling, selective feedback of M=5 RBG
	
	Granularity

	
	2 RB
	5 RB
	10 RB
	50 RB

	Case A (all wideband)
	250 kbps (3 %) 
	250 kbps (3 %)
	250 kbps (3 %)
	250 kbps (3 %)

	Case B (no MIMO)
	517 kbps (7%)
	465 kbps (6 %)
	395 kbps (5 %)
	267 kbps (4 %)

	Case C (with MIMO)
	737 kbps (10%)
	599 kbps (8%)
	482 kbps (7%)
	277 kbps (4%)


Table 5 Uplink data rate for control signaling, full feedback of all RBG
	
	Granularity

	
	2 RB
	5 RB
	10 RB
	50 RB

	Case A (all wideband)
	250 kbps (3 %) 
	250 kbps (3 %)
	250 kbps (3 %)
	250 kbps (3 %)

	Case B (no MIMO)
	1035 kbps (14 %)
	555 kbps (8 %)
	395 kbps (5 %)
	267 kbps (4 %)

	Case C (with MIMO)
	1504 kbps (21 %)
	737 kbps (10 %)
	482 kbps (7 %) 
	277 kbps (4 %)


4 Conclusions

Although the results are based on some coarse assumptions, they give indications on the amount of feedback necessary to support 400+ users in a cell as stated in the requirements [11]. The results show that to keep the overhead below or equal to 10% for the CQI and MIMO related feedback, when frequency selective scheduling is applied and MIMO is used, the use of selective feedback is required, unless the granularity of the FSS reports is increased to 10 RB, for which the gains of FSS is significantly lower than for RBG size 2 RB [17]

 REF _Ref157581694 \r \h 
[18].  
Appendix

Table 6 Feedback assumptions

	CQI codeword 1 per RBG
	5 bits 

	CQI codeword 2 per RBG
	3 bits

	Precoding matrix index (PMI) per RBG, SU-MIMO
	4 bits 

	Precoding matrix index (PMI) per RBG, MU-MIMO
	4 bits

	Rank feedback per UE
	2 bits 

	Label per UE
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	Number of RBG (i.e. K)
	I. Granularity 2 RB
	K = 25

	
	II. Granularity 5 RB
	K = 10

	
	III. Granularity 10 RB
	K = 5

	
	IV. Granularity 50 RB
	K = 1

	Maximum number of selected RBG  
	M=5

	Average reporting period
	Wideband mode
	20 ms

	
	Narrowband mode
	5 ms

	
	SU-MIMO mode
	10 ms

	
	MU-MIMO mode
	10 ms

	Spectral efficiency for control feedback
	Wideband mode
	0.40 bit/symbol

	
	Narrowband mode
	0.75 bit/symbol

	
	SU-MIMO mode
	1.15 bit/symbol

	
	MU-MIMO mode
	0.67 bit/symbol
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