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1
Introduction

During RAN#51 plenary [1], it was agreed to consider UL transmission enhancements for LTE Release 11. One objective of the UL study item is to study and evaluate enhancements for transmission of UCI, especially UCI enhancements on PUSCH. UCI-only transmissions with either 16QAM or rank-2 were already discussed in Release 10, but there was no consensus on the introduction of such additional features. In this contribution we present further analysis about the use of 16QAM and rank-2 for UCI-only transmission when taking into account the increased UL control overhead due to CA and CoMP CSI reporting. We also consider the signalling aspects of modulation scheme indication and rank indication. 
2
Increased payload size due to CA and CoMP CSI reporting 
This contribution addresses the topic of enhanced UCI on PUSCH transmission without UL-SCH data. The motivation for such enhancement includes the increased UL control overhead due to multiple component carrier (CC) support in CA, and also the larger feedback overhead required by CoMP. Further investigations on DL MIMO enhancements have been also started targeting mainly single cell operation and thus there might be some additional pressure to enhance the performance of DL MIMO by using additional CSI feedback with possibly larger payload sizes on the UL side [2].
In CA, for a given CSI reporting format, the payload size increases linearly with the number of configured CCs. A UE configured with carrier aggregation is capable of multiplexing up to 5 aperiodic CSI reports to a single PUSCH. Typical payload sizes with carrier aggregation have been considered in numerous papers, see e.g. [3-5]. One common example about CSI feedback overhead with 5 configured CCs and feedback mode 1-2 supporting 8Tx with rank-2 is: 5CC × 64 bits/CC bits (+ 8 CRC bits) = 328 bits. In LTE Rel-11, with the introduction of DL CoMP, it is possible that one UE could be configured to report the CSI corresponding to a set of N transmission points. The worst case would then be that the payload size is further increased by N times. 
We present below a simple worst-case example analysis about the expected code rates with assumption N ≤  3 for the CSI feedback mode 1-2 that is extended to the case of joint processing CoMP.

For serving cell feedback, normal PUSCH mode 1-2 corresponds to altogether 8+56 = 64 bits (case N=1)

· PMI: 4 bits (W1) + 13 (# of subbands in 20 MHz) × 4 bits (W2) = 56 bits

· CQI: 4 bits (wideband) × 2 (# of TBs) = 8 bits

For two neighboring cells is transmitted only the subband PMI, i.e., altogether 2×56 = 112 bits 

· PMI: 4 bits (W1) + 13 (# of subbands in 20 MHz) × 4 bits (W2) = 56 bits

Phase combiner for JP-CoMP purposes comprises, e.g. 2 bits per subband and wideband CQI:
· PMI: 2 bits (subband) × 13 (# of subbands in 20 MHz) = 26 bits

· CQI: 4 bits (wideband) × 2 (# of TBs) = 8 bits

Altogether these make: 64 + 112 + 26 + 8 = 210 bits per CC (case N=3).

Table 1: CQI/PMI code rates for normal CP with 20 PRB UL allocation and QPSK modulation

	# of points configured to report CSI
	# of CCs configured 
	UCI on PUSCH contents

	
	
	CQI
	CQI+

SRS
	CQI+

A/N
	CQI+

RI
	CQI+

A/N+

SRS
	CQI+

RI+

SRS
	CQI+

A/N+

RI
	CQI+

A/N+

RI+

SRS

	N = 1
	2 CCs
	0.022
	0.024
	0.033
	0.033
	0.038
	0.038
	0.067
	0.089

	
	5 CCs
	0.056
	0.061
	0.083
	0.083
	0.095
	0.095
	0.167
	0.222

	N = 3
	2 CCs
	0.073
	0.080
	0.109
	0.109
	0.125
	0.125
	0.219
	0.292

	
	5 CCs
	0.182
	0.199
	0.273
	0.273
	0.313
	0.313
	0.547
	0.729


Table 2: CQI/PMI code rates for extended CP with 20 PRB UL allocation and QPSK modulation

	# of points configured to report CSI
	# of CCs configured
	UCI on PUSCH contents

	
	
	CQI
	CQI+

SRS
	CQI+

A/N
	CQI+

RI
	CQI+

A/N+

SRS
	CQI+

RI+

SRS
	CQI+

A/N+

RI
	CQI+

A/N+

RI+

SRS

	N = 1
	2 CCs
	0.027
	0.030
	0.044
	0.044
	0.053
	0.053
	0.133
	0.267

	
	5 CCs
	0.067
	0.074
	0.111
	0.111
	0.133
	0.133
	0.333
	0.667

	N = 3
	2 CCs
	0.088
	0.097
	0.146
	0.146
	0.175
	0.175
	0.438
	0.875

	
	5 CCs
	0.219
	0.243
	0.365
	0.365
	0.438
	0.438
	1.094
	2.188


The CQI/PMI code rates are presented for normal CP in Table 1 and, respectively, for extended CP in Table 2. The UL allocation of CSI-only PUSCH is 20 PRBs with QPSK modulation to illustrate the current Rel-10 situation. The maximum resource allocation of 4 SC-FDMA symbols is assumed for HARQ ACK/NACK and RI, and SRS occupies one SC-FDMA symbol. The number of configured CCs is either 5 that is valid for the worst case analysis or 2 that presents a more practical number of CCs. As mentioned before, the number of transmission points of N=1 corresponds to a single serving cell where CSI reporting is based on the normal feedback mode 1-2 and, respectively, N=3 corresponds the case of joint processing transmission with three transmission points that all have been configured for CSI reporting via the feedback mode 1-2 as described above
The code rates higher than 0.5 are highlighted in red in the tables. Clearly, the code rates of extended CP show more red color but with reasonable ACK/NACK and RI resource assumptions there might not be big issues with the current resources of CSI-only PUSCH. It is also good to remember that relatively high code rates are possible at high SNR values that are also a requirement for 16QAM or rank-2 transmissions. However, further investigations on UE CSI feedback enhancements for CoMP/DL MIMO can change the situation thus it is too early to exclude the possibility that more spectrum efficient schemes for UCI-only PUSCH transmission need be considered in Rel-11. Finally it is noted that neither 16QAM nor rank-2 can be a solution for UCI-only PUSCH for all UEs as these require high SINR, and also rank-2 requires UL MIMO capabilities from the UE. Hence from that perspective the schemes should rather be seen as enhancements to UCI-only PUSCH spectrum efficiency which can be claimed to be more and more important when dealing with large CSI feedback payload sizes as required for CoMP and CA.
Observation: Current resources for CSI-only PUSCH seem to be sufficient also when taking into account the increased UL control overhead due to CA and CoMP/DL MIMO CSI reporting.
· This can be further evaluated after CoMP/DL MIMO studies have progressed.
· 16QAM and rank-2 are mainly for spectrum efficiency optimization of UCI-only PUSCH transmissions.
3
Signalling aspects 
One open issue regarding UCI enhancements is the signaling design. For example, how to make sure that both sides of the link will have the same understanding about modulation or transmission rank in use. Some designs for signaling support were proposed, e.g., in [6-7]. More specifically, the existing proposals about modulation scheme and rank indication for CSI-only PUSCH can be summarized as in the following.

Modulation scheme indication, QPSK or 16QAM
(1) Whether QPSK or 16QAM is used can be implicitly indicated by the number of CCs configured for CSI report, when CSI reporting is triggered by DCI format 0 or DCI format 4.
(2) Whether QPSK or 16QAM is used can be explicitly indicated by a reserved MCS stage, e.g., I_{MCS} = 31, when CSI reporting is triggered by DCI format 0 or DCI format 4.
(3) Whether QPSK or 16QAM is used can be explicitly indicated by the NDI field of a disabled TB = 1,                         when CSI reporting is triggered by DCI format 4.
While the above solutions solve the problem in some cases, we find the following issues left open. Solution (1) above only takes into account the number of configured component carriers, but in practice the amount of feedback overhead would depend on i) the configured transmission and feedback modes for each component carrier, and ii) the CoMP/DL MIMO measurement set. As is well known, Solution (2) introduces further scheduling restriction for retransmission with RV=3 on top of the already existing restriction for retransmission with RV=1. In practice, the efficiency of 16QAM vs. QPSK depends on the SNR and the amount of bandwidth allocated for transmission as well. Therefore, the implicit modulation scheme indication seems to be problematic and may require further justifications.


Rank indication, rank-1 or rank-2
For the case of rank-2 indication, it is assumed that a single codeword would be mapped to two layers. When CSI reporting is triggered by DCI format 4, signalling requires no extra effort as it can be based on the unused bits of the disabled TB or directly on the PMI signaling in the case of rank-2. However, it is unclear how rank-2 UCI-only transmission can be triggered by DCI format 0. This would be important feature since DCI format 0 requires less control overhead compared with DCI format 4, which is especially relevant when one of the two transport blocks is disabled for UCI transmission. When CSI reporting is triggered by DCI format 0, the UE could use a predefined rank-2 precoder for PUSCH precoding, e.g., the precoder could be the same as indicated by the last DCI format 4, as proposed in [8]. 
As a conclusion, from signalling point of view there would not seem to be any major show-stoppers for introducing either 16QAM or rank-2 for UCI-only PUSCH transmissions. However for the study item the first issue to be clarified would be the benefits of the actual schemes with more practical payload sizes seen in CoMP and/or CA (or their combination).
Observation: From signalling perspective, both 16QAM and rank-2 seem feasible.

· But the benefits of the schemes should be further evaluated based on typical payload sizes seen in CoMP and/or CA.

4
Conclusions
In this paper, we have provided our views on the enhancements for CSI-only PUSCH in LTE Rel-11, and made the following observations:
Current resources for CSI-only PUSCH seem to be sufficient also when taking into account the increased UL control overhead due to CA and CoMP/DL MIMO CSI reporting.
· This can be further evaluated after CoMP/DL MIMO studies have progressed.
· 16QAM and rank-2 are mainly for spectrum efficiency optimization of UCI-only PUSCH transmissions.
· 
From signalling perspective, both 16QAM and rank-2 seem feasible.

· But the benefits of the schemes should be further evaluated based on typical payload sizes seen in CoMP and/or CA.
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�I wasn’t sure what to conclude here so we can reconsider this together.





