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1 Introduction

In RAN1 #61 in Montreal, the following double codebook feedback signalling has been agreed in R1-103419:

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

· The report in aperiodic PUSCH is self-contained in the same subframe

· One report can contain both W1 and W2

· In case one of W1/W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2

· The same report contains RI and CQI

· Periodic 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

PMI/CQI/RI bit allocation for double codebook was discussed offline in RAN1 #61bis in Dresden, but no RAN1 conclusion is drawn. In this contribution we give views on double codebook signalling and provide some more detailed examples on RI/CQI/W1/W2 bit allocation.
2 Aperiodic PUSCH
In this case, RI/CQI/W1/W2 are in the same report. The discussion points are if CQI/W1/W2 are wideband or subband. 

First we note that W1 should be wideband because W1 is somehow statistical information therefore it should remain the same (or at least similar) over different subbands.

Second question is  if W2 is subband. Here we note that if W2 is wideband, then both W1 and W2 are wideband. In this case this is not a double codebook reporting but a single codebook reporting. Those cases have been sufficiently discussed in Rel-8. Therefore Rel-8 modes can be reused in this case. In the following part of section 2, we are going to focus on subband W2 reporting.
Assuming wideband W1 and subband W2, the third question is if CQI is subband. Here we call the case with wideband CQI only as case 1, and the case with differential subband CQI as case 2.
An example of bit allocation for case 1 is shown in Table 1. In this case, RI can be reported using 3bits. 3 or 4 bits for W1 (for 8Tx correlated array) is in general sufficient as discussed in R1-104164 following the rule of adjacent oversampling beams (i.e., 16 oversampling beams). For 4Tx, typically W1 can use less bits than 8Tx case because less number of oversampling beams are needed (8 compared to 16). CQI and CRC can take 8bits respectively. Here we note that maximum 4bits per subband W2 seems a reasonable choice (we assume 8PRB granularity in 20MHz bandwidth as that for PUSCH reporting mode 3-1 in Rel-8, resulting in 13 subbands).
	Feedback
	Number of bits

	RI
	3

	W1
	3

	W2
	4*13

	Wideband CQI
	4+4

	CRC
	8

	Total
	74


Table 1. PUSCH reporting Case 1: subband W2 without subband CQI
Case 2 corresponds to subband differential CQI and subband W2. The RI/W1/wideband CQI reporting is similar to case 1. The main difference is that subband CQI would take 2bits per subband. Then in this case, we can allocate maximum 2bits per subband for W2. A possible bit allocation is in Table 2.
	Feedback
	Number of bits

	RI
	3

	W1
	3

	W2
	2*13

	CQI
	4+4

	Subband CQI
	(2+2)*13

	CRC
	8

	Total
	100


Table 2. PUSCH reporting Case 2: subband W2 with subband CQI

Comparing case 1 and 2, Case 1 reports more accurate frequency selective precoder feedback and case 2 reports more accurate frequency selective CQI. At this stage we are open to both cases and can further study both of them.
Overall we have the following proposal:
· If subband W2 is supported in aperiodic PUSCH
· Maximum 4bits W2  per subband, and
· Subband CQI can be supported (also consider 2bits W2 per subband).
3 Periodic PUCCH
3.1 CSI mode I
In this mode W1 and W2 are signalled in different subframes. We call the report that contains W1 as type 1 report, and the report that contains W2 as type 2 report.

Regarding type 1 report, the main discussion point is if RI should be jointly reported with W1 [1]. If RI is separately reported, both W1 and RI can be reported with less error probability but one more subframe is used per W1/RI reporting. If RI is jointly reported with W2, one subframe can be saved but error probability is increased. At this stage we are open to both methods and propose:
· Further study if RI and W1 is jointly reported in periodic PUCCH CSI mode I.

Regarding type 2 report, the main discussion point is if W2 is wideband or subband [2]. At this stage we consider wideband W2 as a natural choice, because in this case W1 and W2 can be easily reported in time domain. Subband W2 may be more feasible for aperiodic PUSCH reporting although not need to be precluded at this stage. Therefore we propose for type 2 report:
· Wideband W2 is supported in periodic PUCCH CSI mode I.
· Subband W2 FFS
3.2 CSI mode II
In this mode W1 and W2 are signalled in the same subframe. In general some subset selection (or sometimes called “subsampling”) is needed in this mode due to payload size constraint [3]. Here we note that the subsampling method for 8Tx and 4Tx can be different.

For example, if W1 corresponds to direction of each polarization, and W2 corresponds to phase offset between polarizations, then the sub sampled codebook need to include both long term (W1) and short term (W2) information (details of subsamling are proposed in our companion contribution [4]). On the other hand, if W1 corresponds to rough direction, while W2 information corresponds to more accurate direction, the subsampled codebook may simply be the codebook of W1. 

Assuming we adopt the first method in 8Tx codebook design, and the second method in 4Tx codebook design, then the subsampling method for 4Tx and 8Tx would be quite different. Therefore, we propose:

· Study subsampling method for periodic PUCCH CSI mode II. Note that subsampling method can be quite different for, e.g., 4Tx and 8Tx feedback.
4 Conclusions
In this contribution, we provide more detailed views on double codebook signaling. We have the following proposal:
· For aperiodic PUSCH:

· If subband W2 is supported

· Maximum 4bits W2  per subband, and
·  Subband CQI can be supported (also consider 2bits W2 per subband).
· For perioidic PUCCH:

· CSI mode I (W1/W2 in different subframes)
· Further study if RI and W1 is jointly reported.

· Wideband W2 is supported. 

· Subband W2 FFS
· CSI mode II (W1/W2 in the same subframe)
· Study subsampling method.
·  Note that subsampling method can be quite different for, e.g., 4Tx and 8Tx feedback.
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