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1. Introduction
In RAN1#61, a set of agreements on the Rel.10 CSI feedback structure was made [1]. As a follow up, two way forward proposals which attempt to flesh out the details were made in RAN1#61b [2, 3]. A common ground for the two way forward proposals was then captured in a joint way forward proposal [4].
This contribution intends to progress beyond the joint way forward in [4] by building on top of it. The detailed reasoning behind the suggested points were already known and given in the previous contributions (see, e.g. [5 – 8]) and hence are not repeated here for conciseness.  The underlying principle for the Rel.10 CSI feedback design is based on the natural extension of CQI modes from Rel.8/9. Throughout the contribution, we assume the dual-stage product precoder structure where W_1 targets wideband/long-term channel properties and W_2 targets frequency-selective/short-term channel properties, respectively. Each of the components is assigned a codebook. Hence, two distinct codebooks are needed: CB_1 and CB_2. Here, W is termed the composite precoder. The choice of W_1 and W_2 are indicated via PMI_1 and PMI_2. 

2. Aperiodic PUSCH
The Rel.8/9 aperiodic PUSCH CQI modes are given in Table 1. The relevant modes are highlighted in blue. Some explanation and background were given in, e.g. [5].  

Table 1 [Table 7.2.1-1 TS36.213]: CQI and PMI Feedback Types for PUSCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


To naturally extend the Rel.8/9 CQI modes for the Rel.10 dual-stage precoder, the following principles are used:
· W1 and W2 require two separate codebooks and hence two distinct PMIs (PMI1 and PMI2). Therefore, the terms “single-PMI” and “multiple-PMI” may need to be replaced or refined as they may result in misinterpretation. For now, we simply use the terms “frequency non-selective PMI” and “frequency-selective PMI”. Here, PMI refers to the composite of PMI1 and PMI2 (and hence the composite precoder W). 
· W1 is inherently long-term and wideband. Hence, W1 is defined as a wideband component in any circumstance. W2, on the other hand, targets short-term and/or frequency-selective properties. Hence, W2 can be wideband or sub-band depending on the definition of W (the composite precoder) in the associated CQI mode. 
· Following the agreement in [1], W1 and W2 (and hence PMI1 and PMI2) are both contained within one report.  
· CQI is calculated conditioned upon the composite precoder (W=W1*W2).  
Based on the above principles, the following Rel.10 extension of the Rel.8/9 CQI modes was proposed in [5] (see Table 2):
Table 2 PMI reporting for the extended CQI modes supporting the dual-stage precoder
	CQI mode
	W1
	W2

	1-2
	Single: One for the entire system BW (wideband)


	Multiple: one per sub-band (frequency selective)

	2-2
	
	Two: One for the entire system BW (wideband) + one representing all the “best-M-average” (UE-selected) sub-bands (frequency selective)

	3-1
	
	Single: One for the entire system BW (wideband)


It may be argued that mode 3-1 should be extended with a single wideband W1 and multiple sub-band W2’s as W2 targets frequency-selective channel properties. This, however, is not consistent with the original definition of the composite precoder W as a wideband precoder in mode 3-1. Such extension is more consistent with the previously defined mode 3-2 which was removed before the finalization of Rel.8 LTE. If such mode is to be reintroduced, e.g. due to its potential gain in MU-MIMO scenarios [12, 13], it should be designated as a separate mode 3-2 (differentiated from mode 3-1). In a companion contribution [12], we see mode 3-2 as a potentially promising Rel.10 DL MIMO enhancement of the Rel.8/9 CSI feedback especially for MU-MIMO. 
3. Periodic PUCCH
The Rel.8/9 periodic PUCCH CQI modes are given in Table 3. The relevant modes are again highlighted in blue Some explanation and background were given in, e.g. [5].
Table 3 [Table 7.2.2-1 TS36.213]: CQI and PMI Feedback Types for PUCCH reporting Modes

	
	
	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)
	
	


Unlike the CQI modes for aperiodic PUSCH, extending the CQI modes to accommodate the Rel.10 dual-stage precoder for periodic PUCCH is more constrained due to the following reasons (the reasoning below is an updated version from [5]):

· PUCCH resources (for CQI reporting) are quite limited.

· The serial nature of CQI reporting (a single PUCCH per subframe in order to maintain the single-carrier property) imposes inter-dependency across different types of reports as indicated above. This is especially the case for mode 2-1 where the timing relationship among RI, wideband CQI/PMI, and sub-band CQIs becomes complicated.
· The potential of puncturing CQI/PMI/RI reports due to various reasons such as ACK/NAK
 and scheduling request (SR) [4]. The already complicated timing relationship among reporting parameters becomes even more convoluted. 
· In addition, the CQI/PMI/RI reports associated with multiple DL component carriers need to be carried within one UL component carrier [10]. It was also decided in [11] that cycling through the CQI/PMI/RI reports associated with multiple DL component carriers across multiple subframes is supported. Combined with the inter-dependency and possible complication due to puncturing, this complicates the matter even further. 
· It is highly desirable, if not essential, to keep the maximum overhead of CQI report (using format 2/2a/2b) the same as Rel.8/9, which is 11 bits. Extensive study on the coverage of PUCCH format 2/2a/2b has been conducted to suggest that extending the maximum payload above 11 bits is risky. While it may be argued that Rel.10 offers some additional UL flexibility such as UL multi-antenna transmission and/or increased number of receive antennas at the eNodeB, it cannot be guaranteed that such feature is indeed a performance requirement baseline for Rel.10. 
It is also noted that two separate mechanisms regarding W1/W2 reporting were agreed in RAN1#61 [10]:
· CSI mode 1: W1 and W2 are signaled in separate subframes
· CSI mode 2: W is determined by a single report confined to a single subframe
Based on the above considerations and the way forward proposals made in RAN1#61b [2 – 4, 11], we suggest the following to further progress on the CSI reporting modes on PUCCH:
· W2 should not introduce an additional level of dependency across subframes while maintaining the maximum payload of 11 bits for PUCCH format 2/2a/2b. This can be achieved as follows:

· For CSI mode 1 (W1 and W2 are reported in separate subframes), W1 should be reported in the same subframe as RI. The overhead associated with W1+RI should be minimized via, e.g. joint encoding whenever applicable or sub-sampling of W1 if necessary. This is done to ensure that the combined overhead is small (e.g.  (5 bits) to avoid error propagation and any further complication in timing relationship. 

· For CSI mode 2 (W1 and W2 are contained in the same report), sub-sampling of W1 and/or W2 are needed to ensure that the total payload of W1+W2 together with CQI does not exceed 11 bits [4].  

· Extension of mode 1-1 PUCCH was made for both CSI mode 1 and 2. However, the extension of mode 2-1 PUCCH was made mainly for CSI mode 1. Furthermore, disagreement exists on whether W2 should be wideband or subband for mode 2-1 [2, 3] – even for subband W2, companies seem to differ in terms of the details. 
· Hence, only the following three extension modes are supported for PUCCH:

· Mode 1-1-1

· Based on a natural extension of mode 1-1 for CSI mode 1 (W1 and W2 are reported in separate subframes)
· W1 and RI signaled in the same subframe
· Joint encoding of W1 and RI 
· Possibility of sub-sampling W1+RI depending on the final codebook design (to keep the total overhead W1+RI sufficiently small) 
· Reporting structure according to TS36.213 [9]:
· Report 1 contains RI+W1. 
· Report 2 contains wideband CQI and wideband W2. 
· Mode 1-1-2

· Based on a natural extension of mode 1-1 for CSI mode 2 (W1 and W2 are contained in the same report)
· Details are given in [4].
· Reporting structure according to TS36.213 [9]:
· Report 1 contains RI. 
· Report 2 contains wideband CQI and wideband (sub-sampled) W1+W2. 
· Mode 2-1-1:

· Based on a natural extension of mode 2-1 for CSI mode 1 (W1 and W2 are reported in separate subframes)
· W1 and RI signaled in the same subframe
· Joint encoding of W1 and RI 
· Possibility of sub-sampling W1+RI depending on the final codebook design (to keep the total overhead W1+RI sufficiently small) 
· Reporting structure according to TS36.213 [9]:
· Report 1 contains RI+W1. 
· Report 2 contains wideband CQI and wideband W2.
· Report 3 contains at least sub-band CQI.
· FFS: Whether sub-band W2 is included in report 3, as well as the detailed mechanism
4. Conclusion

In this contribution, we discussed possible ways to progress on the CSI feedback issue for Rel.10 based on three possible way forward proposals in the previous RAN1#61b meeting [2, 3, 4]. To ensure reliable feedback transmission and competitive performance of Rel.10 DL MIMO precoding with the dual-stage structure and considering the tight Rel.10 timeline, we propose that RAN1 agree on the following extension of the Rel.8/9 CQI reporting modes:

· Only the following three extension of the Rel.8/9 aperiodic PUSCH CQI modes are supported for Rel.10 CSI feedback:

· A new mode 3-2 can also be introduced as a Rel.10 DL MIMO enhancement where one CQI and one W2 are defined for each subband in addition to the wideband CQI and W1. 
	Mode
	W1
	W2

	1-2
	Single: One for the entire system BW (wideband)


	Multiple: one per sub-band (frequency selective)

	2-2
	
	Two: One for the entire system BW (wideband) + one representing all the “best-M-average” (UE-selected) sub-bands (frequency selective)

	3-1
	
	Single: One for the entire system BW (wideband)

	3-2 (new)
	
	Multiple: one per sub-band (frequency selective)


· Only the following three extension of the Rel.8/9 periodic PUCCH CQI modes are supported for Rel.10 CSI feedback:
	Mode
	Based on CSI mode
	Reporting structure (subframe dependency) according to TS36.213

	
	
	Report 1
	Report 2
	Report 3

	1-1-1
	1
	RI+W1 jointly encoded (*)
	wideband CQI, wideband W2
	n/a

	1-1-2
	2
	RI
	wideband CQI, wideband W1+W2 sub-sampled (**)
	n/a

	2-1-1
	1
	RI+W1 jointly encoded (*)
	wideband CQI, wideband W2
	(At least) subband CQI


(*) Possibility of sub-sampling to keep the total payload sufficiently small (depending on the final codebook design)
(**) To ensure total payload is (11 bits [4]
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� In Rel.8/9, there are 2 possible mechanisms (selected by the eNB via RRC configuration) related to the concurrent ACK/NAK and CQI/PMI/RI in one subframe: 1) CQI/PMI/RI is punctured, 2) use format 2a/2b to transmit both ACK/NAK and CQI/PMI/RI ([4] section 10.1). The second alternative is unfortunately a UE capability (i.e. optional feature listed in the Feature Group Indicator). 
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