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1. Introduction
To support frequency-selective link adaptation for SU-MIMO, different combinations of CQI and PMI reports were identified in [1] as follows:
	
	PMI

	
	Single
	Multiple 

	CQI
	Wideband 
	Mode 1-1 (PMI calculated over the set S)
	FFS Mode 1-2 (a PMI calculated over each subband with same subband size as defined for Mode 3-2)

	
	UE selected (Best-M)
	FFS Mode 2-1 (PMI calculated over the selected best M subbands)
	FFS Mode 2-2 (limited to the proposal of R1-080549)

	
	Node B configured
	Mode 3-1 (PMI calculated over the set S)
	Mode 3-2 (a PMI calculated over each subband)


We assume the following multi-codeword extension of some of modes above [2]:

· Mode 2-1: 
· Apply best-M average compression to both codewords. Note that the selected M sub-bands must be the same for both codewords. Hence, only 1 selection indicator is needed.  The 2-bit best-M average CQI is reported for each codeword relative to the corresponding reference wideband CQI. 3-bit spatial differential CQI is used for the reference wideband CQI for CW2 (relative to CW1). 

· One PMI is reported corresponding to the best-M average CQIs.
· Mode 2-2:

· CQI compression is identical to mode 2-1.
· In addition to the best-M average PMI, one wideband PMI is reported which corresponds to the reference wideband CQIs.

· Mode 3-2: 

· Apply the all-sub-band differential compression scheme for each of the two codewords. 3-bit spatial differential CQI can be used for the reference wideband CQI for CW2 (relative to CW1).

· One PMI is reported for each sub-band.

In addition, we define Modes 1-0, 2-0, and 3-0 (no PMI) per [3], which are applicable to the open-loop spatial multiplexing, 
In this contribution, we discuss the pros and cons of each of the modes in terms of overhead and performance. In addition, it is beneficial to keep the number of modes to a minimum. 
2. Comparison
We first analyze the resulting overhead for each of the reporting modes. The total overhead (CQI+PMI) for each mode is given in Table 1. The following assumptions are made:
1. The number of sub-bands is computed as follows:
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2. The overhead for different number of codewords is identified. 
3. “2-TX” and “4-TX” refer to closed-loop spatial multiplexing. The overhead for “1-TX” applies to SIMO, Tx diversity, and open-loop spatial multiplexing (with x=0).
Table 1. Total overhead for different system configuration. 
	Mode
	No. CW
	5MHz (25 RBs)
	10MHz (50 RBs)
	20MHz (100 RBs)

	
	
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX

	1-1
	1
	4


	7
	8
	4
	7
	8
	4
	7
	8

	
	2
	
	9
	11
	
	9
	11
	
	9
	11

	1-2
	1
	
	25
	32
	
	31
	40
	
	43
	56

	
	2
	
	21
	35
	
	25
	43
	
	33
	59

	2-1
	1
	15
	18
	19
	19
	22
	23
	24
	27
	28

	
	2
	
	22
	24
	
	26
	28
	
	31
	33

	2-2
	1
	
	21
	23
	
	25
	27
	
	30
	32

	
	2
	
	24
	28
	
	28
	32
	
	33
	37

	3-1
	1
	18
	21
	22
	22
	25
	26
	30
	33
	34

	
	2
	
	37
	39
	
	45
	47
	
	61
	63

	3-2
	1
	
	39
	46
	
	49
	58
	
	69
	82

	
	2
	
	49
	63
	
	61
	79
	
	85
	111


The pros and cons of each mode are listed in Table 2.
Table 2. Pros and cons of each reporting mode (PMI included)
	Mode
	Pros (relevant scenarios)
	Cons

	1-1
	Minimum overhead for UL coverage limited
	Worst performance: does not support frequency-domain scheduling and frequency-selective pre-coding

	1-2
	Minimum overhead to support frequency-domain pre-coding for lightly loaded network and/or non-PF scheduler (i.e. only time-domain PF is used)
	Does not support frequency-domain scheduling

	2-1
	Minimum overhead to support frequency-domain scheduling with PF-scheduler and small allocation
	Only best-M PMI is supported which may be problematic for non-best-M sub-bands.
Less applicable to MU-MIMO since wideband pre-coding is used.

	2-2
	Support frequency-domain scheduling with PF-scheduler and larger allocation (both wideband CQI and PMI can be used for non-best-M sub-bands).
Allow frequency-selective pre-coding.
	2-4 bits more overhead compared to Mode 2-1

	3-1
	More flexible mode to support frequency-domain scheduling with wideband pre-coding.
Suitable for MU-MIMO (wideband pre-coding) with frequency-domain scheduling
	Does not support frequency-selective pre-coding 

Larger CQI overhead compared to 1-1 and 2-1

	3-2
	Most flexible mode to support frequency-domain scheduling and frequency-selective pre-coding
	Largest overhead


Since wideband CQI or CQI+PMI reporting is already reported on PUCCH, Modes 1-0 and 1-1 (wideband CQI-only or wideband CQI+PMI) do not seem necessary and can be removed. This, however, does not preclude the case when the wideband periodic reporting on PUCCH is piggybacked on PUSCH when an UL data transmission exists on PUSCH from that particular UE (see Section 7.2.2 of [3]).
Mode 1-2 (wideband PMI, sub-band PMI) is beneficial in supporting the deployment scenario where frequency-selective pre-coding offers most gain (lightly loaded cells where frequency-domain scheduling is not performed) with minimum overhead. One may argue that Mode 3-2 can include the functionality of Mode 1-2 since the wideband CQI can be derived from the sub-band CQIs. While this may be true, Mode 2-1 results in an overhead saving from 12 to 48 bits related to Mode 3-2 while offering the same performance for the scenario of interest. Hence, the support Mode 1-2 is preferred. 
Mode 2-0 is supported by default. In terms of the required overhead, Mode 2-1 and 2-2 only differ by 2 to 4 bits (out of ~20 to 30 bits on PUSCH). However, imposing the best-M PMI on the non-best-M sub-bands results in some visible performance loss. This is evident from the results shown in the Appendix. In addition, Mode 2-1 is not suitable for MU-MIMO where wideband pre-coding is performed. Hence, it seems reasonable to support Mode 2-2 and not to support Mode 2-1 to avoid 2 redundant schemes. Alternatively, it is also possible to support the single PMI mode with wideband PMI only (instead of best-M PMI only). In this case, the gain of Mode 2-2 over such feedback configuration is likely to be somewhat smaller especially when frequency-domain scheduling is performed. However, since the difference in overhead is small, Mode 2-2 seems to be acceptable as it allows the support of frequency-selective pre-coding. 
Mode 3-0 is supported by default. The support for Mode 3-1 is beneficial for MU-MIMO while allowing a more flexible eNB scheduling (for non-PF type schedulers).  Hence, it seems acceptable to support Mode 3-1. At the same time, the support for Mode 3-2 offers maximum flexibility at the cost of higher overhead. Note that due to its overhead, the support of Mode 3-2 is suitable for lightly loaded cells where UL user throughput limitation is less likely to be problem. This, however, overlaps with the functionality of Mode 1-2 which incurs significantly lower overhead. At the same time, Mode 3-2 may be used to support the scenarios with moderately loaded cells but with sufficiently low UL traffic/data rate (thereby allowing large payload CQI/PMI report). If such scenario is of the interest, it seems reasonable to support Mode 3-2.
3. Conclusion
Based on the above analysis, the following refinement on the table in [1] is recommended:
Table 3. Supported CQI-PMI combinations 
	
	PMI

	
	No-PMI
	Single
	Multiple 

	CQI
	Wideband 
	Not supported
	Not supported
	Mode 1-2: PMI calculated over each sub-band with same sub-band size as defined for Mode 3-2

	
	UE selected (Best-M)
	Mode 2-0: 1-CW best-M CQI
	Not supported
	Mode 2-2: PMI calculated over the set S + PMI calculated over the selected best-M sub-bands 

	
	Node B configured
	Mode 3-0: 1 CW sub-band CQI
	Mode 3-: PMI calculated over the set S
	Mode 3-2: PMI calculated over each sub-band


In [4], the removal of wideband CQI-only reporting on PUSCH was discussed in the context of proposed conclusion of the email reflector discussion. In addition, the combination of frequency-selective periodic reporting on PUSCH with periodic wideband reporting on PUCCH was discussed. In that context, the combination of Mode 1-2 with a wideband CQI + PMI reporting on PUCCH should also be supported. 

Appendix

Link-level simulation results are demonstrated in this section to compare the performance of Mode 2-1 and Mode 2-2. In Figure 1 we plot the absolute throughput and gain in percentile for 2x2 and 4x2 MIMO systems. By reporting the wideband PMI in addition to the best-M sub-band PMI, Mode 2-2 could improve the throughput by up to 4% for 2x2 MIMO and 5% for 4x2 MIMO. Note that larger gain will be observed at lower geometry.
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Figure 1: Throughput comparison with different CQI/PMI mode 

TABLE A1: Link Level Simulation Assumptions

	PARAMETER
	VALUES

	System Bandwidth
	5 MHz

	Carrier frequency
	2 GHz

	UE speed
	3kph

	FFT Size
	512

	Resource Block size
	180 kHz 

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 sub-frames (4-ms)

	Max Number of HARQ Retransmissions
	3

	MIMO Receiver
	LMMSE

	Channel Model
	SCM 1A

	TX antenna spacing
	4
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