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1 Introduction
Last WG meeting a working assumption was made on a new aperiodic feedback mode on PUSCH which closely resembles mode 3-2 that has been discussed for inclusion in previous releases. The working assumption states the following
Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

We denote this new mode as PUSCH Mode 3-2 in the following. To turn the working assumptions into an agreement, there are some open issues that need to be addressed:

· For which transmission modes can PUSCH Mode 3-2 be configured?

· Is the large overhead (4 bit per subband) for 8Tx justified? How large is the performance difference to a subsampled W2?
· The subband CQI definition needs clarification.

These topics are discussed in this contribution. 
2 Discussion
2.1 Transmission mode support
The CRS based transmission modes have a limitation in that the transmit PMI (TPMI) needs to be indicated to the UE. This limits the use of subband PMI feedback since only a single PMI can be indicated. From this perspective, we don’t see any benefit of supporting Mode 3-2 for CRS based transmission modes. Hence, our proposal is that only TM8, TM9 and TM10 support configuration of the new PUSCH feedback mode 3-2. 
2.2 Mode 3-2 CQI definition
The working assumption says that CQI and rank feedback bit size should be as in PUSCH Mode 3-1 in Rel 10. However, in Mode 3-1, the subband CQI is derived as follows:

· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the single precoding matrix in all subbands and assuming transmission in the corresponding subband.
For Mode 3-2 on the other hand, the subband CQI should instead be computed assuming the use of the preferred precoding matrix from the codebook subset in that subband. 

This gives the following description:

· Mode 3-2 description:

· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband

· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the selected precoding matrix in that subband and assuming transmission in the corresponding subband.

· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands.

· The UE shall report the selected precoding matrix indicator for each set S subband except with 4 or 8 CSI-RS ports configured for transmission modes 9 and 10 in which case a first precoding matrix indicator 
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is reported for the set S subbands and a second precoding matrix indicator 
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 is reported for each set S subband.

· Subband size is given by Table 7.2.1-3 of TS 36.213. 

· The reported PMI and CQI values are calculated conditioned on the reported RI.

We propose that this is taken into account in the description of the new feedback mode.
2.3 The large overhead for mode 3-2 in 8Tx case
For 8TX operation, the configuration of Mode 3-2 implies a large overhead since for rank 1-3 the working assumption states 4 bits for 
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 per subband. As is well known from the Rel.10 design phase of 8Tx codebooks, where also PUSCH mode 3-2 was discussed [1], the gain of PUSCH 3-2 comes almost exclusively from the components in W2 that co-phases the two orthogonal polarizations (QPSK co-phasing requiring 2 bits). The column selection in W1 performed by W2 (selecting 1 out of four DFT vectors requiring 2 bits) leading to small scale beam-jittering among neighbouring DFT vectors from one subband to another does not contribute in a significant manner to the performance. Down-sampling of W2 is performed by selecting the 4 first out of 16 possible W2 elements in the codebook for 8Tx, i.e. 
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In [1], full buffer simulation results were shown and the conclusion was that 2 bit per subband is sufficient for mode 3-2. These results are complemented below with finite buffer and with very high load (~50% RU) and the results are shown in Table 1 below. Simulation assumptions are found in appendix I. It can be seen the difference between 2 bits and 4 bits per subband is relatively marginal, and the large benefit comes from the introduction of Mode 3-2 over Mode 3-1. 
Table 1 Comparison between 4 bit and 2 bit per subband (W2) for an 8x2 SU-MIMO system.

	
	Resource utilization ratio
	Served traffic [bps/Hz/cell]
	Norm. User TP [bps/Hz/user]
	Cell edge Norm. User TP [bps/Hz/user]

	PUSCH 3-2: 4 bit W2
	0,441
	1,263
	2,501
	6,5%
	0,655
	21,5%

	PUSCH 3-2: 2 bit W2
	0,447
	1,263
	2,487
	5,9%
	0,631
	17,1%

	PUSCH 3-1: 4 bit W2
	0,474
	1,264
	2,349
	0,0%
	0,539
	0,0%


Hence, it turns out that only 2 bits per subband is needed for 8Tx and that adding two more bits on top of that does not give a meaningful gain. It is thus very hard to motivate to confirm the working assumption requiring two additional bits per subband, leading to as much as 26 extra bits per 20 MHz carrier. One has to keep in mind also that mode 3-2 also carries subband CQI so the size of the aperiodic report is significant compared to other reporting modes. Hence, we propose to change the working a
3 Conclusion
In this contribution we have discussed some further details regarding the new aperiodic PUSCH feedback mode which we have named Mode 3-2.
We thus propose the following changes to the working assumption and turn the WA into an agreement:

Proposal: Only the DMRS based TM8,9 and 10 can be configured with the new aperiodic PUSCH mode 3-2
Proposal: For 8TX and PUSCH mode 3-2, at most 2 bits per subband should be used to represent
[image: image5.wmf]2

i

, obtained as 
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Proposal: To capture the sub band CQI correctly, the new feedback mode is described as follows:
· Mode 3-2 description:

· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband

· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the selected precoding matrix in that subband and assuming transmission in the corresponding subband.

· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands.

· The UE shall report the selected precoding matrix indicator for each set S subband except with 4 or 8 CSI-RS ports configured for transmission modes 9 and 10 in which case a first precoding matrix indicator 
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is reported for the set S subbands and a second precoding matrix indicator 
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 is reported for each set S subband.

· Subband size is given by Table 7.2.1-3. 

· The reported PMI and CQI values are calculated conditioned on the reported RI.
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5 Appendix I

Table 1: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Traffic Model 
	FTP type 1, 0.5 Mbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback modes
	3-1,3-2

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pole

	Macro antenna configuration
	XXXX setup with (/2 spaced columns, 11°downtilt

	Macro point transmit power
	40 W

	MU-MIMO
	Not enabled

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM
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