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1 Introduction 

In this contribution we discuss further details of the reporting modes for CQI/PMI/RI on PUCCH in Rel-10. 
In Rel-8, the following modes are supported:
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


The Rel-8 PUCCH Report Type Payload sizes are as follows (showing only the reports and modes that are relevant for PMI reporting):
	PUCCH Report Type
	Reported
	Mode State 

	
	
	
	Mode 1-1
	Mode 2-1

	
	
	
	(bits/BP)
	(bits/BP)

	1
	Sub-band
CQI + spatial differential CQI where appropriate
	RI = 1
	NA
	4+L

	
	
	RI > 1
	NA
	7+L

	2
	Wideband CQI/PMI + spatial differential CQI where appropriate
	2 TX Antennas RI = 1
	6
	6

	
	
	4 TX Antennas RI = 1
	8
	8

	
	
	2 TX Antennas RI > 1
	8
	8

	
	
	4 TX Antennas RI > 1
	11
	11

	3
	RI
	2-layer spatial multiplexing
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2


For Rel-10, the following was agreed in [1]:

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

In [2], the following was agreed for periodic reporting on PUCCH:

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework

· W_1/W_2 reporting procedure 

· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W2 could be wideband or subband

· CSI Mode 2:  W is determined by a single report confined to a single subframe, e.g.

· one of W1/W2 could be fixed and hence does not need to be signaled 

· W1/W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2

· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details

In this document we discuss the details of “CSI mode 1” and “CSI mode 2” in terms of extensions of the Rel-8 PMI/CQI/RI reporting modes. 

2 CSI Mode 1

In CSI Mode 1, W1 and W2 are signalled in separate subframes. It thereby becomes possible to support both wideband and subband reporting. 
We propose the following extensions of mode 1-1 and mode 2-1:

Extension of Mode 1-1

To extend Mode 1-1 for the 2-stage feedback, some of the “W” reports would be for W1 and others for W2. One possible approach would be to define certain reporting instances for W1, and use the others for W2. Each W2 report has an associated CQI report included with it.
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This maintains the robust coding of the RI, and also ensures robust coding for W1 without the need for subsampling of the W1 codebook.

Furthermore, as shown in [3] it is not optimal to transmit W1 with a regular periodicity. The period with which W1 needs to be updated may be several hundred ms. If W1 does not need to be transmitted, it is more efficient to use its reporting occasion for another update of W2. A simple and robust way to indicate whether a particular reporting cycle includes a W1 report or not would be to add a single extra bit to the RI (as this is heavily protected by coding),  to indicate whether the forthcoming cycle includes W1 or not. An example is shown below, where “R1” indicates that the forthcoming cycle contains W1 feedback as well as W2 feedback, while “R2” indicates that the cycle contains only W2 feedback:
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An alternative would be to jointly encode R and W1, provided that the robustness is considered acceptable. 

Extension of Mode 2-1
In mode 2-1, sub-band reporting is included. As explained in [4], sub-band reporting is important for effective user-pairing in MU-MIMO. This includes sub-band CQI and sub-band W2. We therefore denote the extension of this mode “Mode 2-2”, as it includes multiple PMI.  

The pattern of wideband and sub-band reports could be as follows:

· After each RI, a wideband W1 (denoted here W1w) and wideband W2 (W2w) are reported, each with an associated wideband CQI. 

· After the wideband reporting, sub-band W2 (denoted W2n for the nth sub-band) (with associated sub-band CQI) is transmitted, cycling through the sub-bands a certain number of times. 

· Furthermore, as noted above in relation to Mode 1-1, shown in [3] it is not optimal to transmit W1 with a regular periodicity. If W1 does not need to be transmitted, its reporting occasion can either be left empty, thus reducing interference, or used to transmit a further wideband W2, to improve the reliability or up-to-dateness of W2. Like Mode 1-1, a single extra bit sent with the RI can indicate whether the forthcoming cycle includes W1 or not. An example is shown below:
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Typically the update rate of W1 would be lower than the update rate of the RI.

Each report of W1 or W2 is conditioned on the most recently preceding RI, as in Rel-8.

3 CSI Mode 2
In CSI Mode 2, all the information to derive W is signalled in a single subframe. Because of this, the payload becomes large if sub-band reporting is configured. Therefore it makes sense to restrict CSI mode 2 to an extension of the Rel-8 Mode 1-1 with only wideband reporting. 
A Way Forward on this basis was proposed in [3] and has been further extended in offline email discussion:

· CSI Mode 2:  

· Direct extension of Rel.8 PUCCH Mode 1-1

· W is determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

· Separate or joint selection of subset(s) of codebook C1 and/or codebook C2 is applied to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· Using only one fixed subset is not excluded

· Using more than one fixed subsets (and its need for additional signaling) is not excluded

· UE-specific codebook subset restriction may be applied to the fixed subset(s).

We propose that this be adopted. 
4 Conclusions
In this contribution we have shown how the Rel-8 PUCCH feedback modes may be extended to support the Rel-10 2-stage feedback with W1 and W2. 
· For PUCCH reporting, 
· For CSI Mode 1:

· W1 and W2 are signalled in separate subframes 

· Mode 1-1 is extended to support wideband W1 and wideband W2.
· Mode 2-1 is extended to support wideband W1, wideband W2 and sub-band W2.

· For CSI Mode 2:
· All the information to derive W is signalled in a single subframe
· Mode 1-1 is extended to support only wideband PMI. 
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