
3GPP TSG RAN WG1 Meeting #64                                     R1-110824
Taipei,  21st – 25th February 2011

Source:
ZTE

Title:

   Multiple ACSI transmission on PUSCH
Agenda Item:
6.2.1
Document for:
Discussion and Decision
1. Introduction

On the discussion of aperiodic CSI triggering, the following was agreed [1].
· If carrier aggregation is configured, aperiodic CSI request field contains 2 bits (1 bit is added to the DCI format in the UE-specific search space)

· “00” state indicates no CSI is triggered

· “01” state indicates trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report

· “10” meaning is configured by RRC

· “11” meaning is configured by RRC
The agreement above suggests multiple aperiodic CSI reports on PUSCH are supported by Rel-10. In this contribution, we share our view on the following issues of multiple aperiodic CSI reports on PUSCH：
· The handling of ambiguity between eNB and UE about CCs activation/deactivation and CCs reconfiguration
· The coding of multiple aperiodic CSI reports on PUSCH
· The selection of PUSCH when no PUSCH on PCC and multiple PUSCH on SCCs

2. Discussion 

2.1 Handling on ambiguity of CCs activation/deactivation and CCs reconfiguration
The ambiguity problem occurs when the activation/deactivation MAC CE was incorrectly received by the UE or the ACK/NACK corresponding to the activation/deactivation MAC CE which was sent by the UE to eNB was received incorrectly. With multiple aperiodic CSI reports on PUSCH supported in Rel-10, the ambiguity problem will cause   eNB decoding of multiple aperiodic CSI reports to fail because the eNB’s understanding of the number of activated CCs is different from that of the UE. Likewise, the CCs reconfiguration will bring similar problem. Following solutions were mentioned in previous meetings:
· Solution 1: Calculate the resources of aperiodic CSI reports according to the number of configured CCs, obtain the aperiodic CSI reports according to the number of activated CCs [2].
· Solution 2: Calculate the resources of aperiodic CSI reports according to the number of configured CCs, when aperiodic CSI reports for a deactivated CC was triggered, UE report dummy bits on the CSI report instance [3].
· Solution 3: Calculate the resources of aperiodic CSI reports according to the number of activated CCs, use extra bits to indicate DL CC the CSI reports for [3].
Solution 1 and solution 2 both work well when no CCs reconfiguration ambiguity occurs and neither of them require extra overhead. The problem of these two is they can’t handle the CCs reconfiguration ambiguity, and because of the resources calculation is based on the number of configured CCs, both of them will waste resource.
Solution 3 can solve the problem of ambiguity of CCs activation/deactivation and CCs reconfiguration, but it needs extra bits to indicate which DL CCs are reported.
In our view, the handling of ambiguity problem should be simple and without adding additional overhead, as the possibility of activation/deactivation MAC CE and ACK/NACK error is low. Also, we note this problem will not occur when ACK sent from UE was missed by the eNB. This is because RAN4 recommends when the eNB sends an activation/deactivation MAC CE activating a SCC in sub-frame n, the UE must be have the SCC activated by subframe n+8. 
To that end, our proposal is: within the period of CCs activation/deactivation and CCs reconfiguration, eNB only trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report. It means within the period of CCs activation/deactivation and CCs reconfiguration; eNB triggers aperiodic CSI reports by setting aperiodic CSI request field to “01” only. This solution works well when activation/deactivation MAC CE and ACK/NACK was incorrectly received, without adding any overhead.
2.2 Channel Coding for multiple aperiodic CSI reports on PUSCH
There are two issues still need to be specified regarding channel coding for multiple aperiodic CQI/PMI reports on PUSCH, one is how to encode the multiple reports, and the other is what coding scheme should be used.

Regarding how to encode the multiple aperiodic CQI/PMI reports on PUSCH, two alternatives are proposed:

· Alt #A: Separate coding for each aperiodic CQI/PMI report.

· Alt #B: Joint coding for multiple aperiodic CQI/PMI reports.
Compared to Alt #B, Alt #A is more simple and robust. For Alt #A, each aperiodic CQI/PMI report are coded separately and concatenate with certain order (e.g., based on the CC index of the CCs the CQI/PMI report corresponding). When decoding error occurs in some bits of aperiodic CQI/PMI reports, only the reports where the error bits reside will be affected while other CQI/PMI reports still can be received correctly. However, Alt #B could bring coding gain for the system. 
Note the preferred coding scheme to be used is also affected by the alternative selected. In case Alt #A is adopted, TBCC as defined in Rel-8 should be reused for coding each A- CQI/PMI report. This is mainly because the maximum payload of an aperiodic CQI/PMI report is about 60 bits, which is inside the range where TBCC works better. 
In case Alt #B is adopted, whether to use TBCC or Turbo needs further study. With joint coding for multiple A- CQI/PMI reports, the original bits of aperiodic CQI/PMI report are increased significantly, turbo code could be considered as the coding scheme because turbo code may have better performance than TBCC with large bits. But the decoding delay of Turbo code is more serious than TBCC due to the complexity of Turbo decoding. Therefore, performance, decoding complexity and decoding delay should be taken into account when choosing the coding scheme.
Take both issues into account, our proposal is as follows
· In case of separate coding for multiple A- CQI/PMI, TBCC is applied.

· In case of joint coding, for multiple A- CQI/PMI,

· If the payload is smaller than X, TBCC is used.

· If the payload is larger than X, Turbo code is used.

· X is FFS.

We have a slight preference of the first approach.
2.3 Selection of PUSCH when no PUSCH on PCC and multiple PUSCH on SCCs
At RAN1 #63 meeting, the following agreement was made:
· Apart from the case of aperiodic CSI:

· When PCC PUSCH is available:

· SPS, non-adaptive retransmissions, small grants when PCC PUSCH is available:

· UCI always on PCC

· Case of multiple PUSCHs on SCells but no PUSCH on PCell

· Alt 1: predefined priority derived from CC Index

· Alt 2: derived from PUSCH transmission format
When there is no PUSCH transmission on UL PCC and no aperiodic CSI reporting is triggered, a rule is also needed to determine which PUSCH conveys UCI among multiple PUSCHs on UL SCC.

Note that first this only occurs when more than one SCC in addition to UL PCC is configured for a UE, which is not considered in R10 timeframe. Second, the rule is needed only when UL PCC is not scheduled but PUSCHs are transmitted on two or more UL SCCs, which is a rare case indeed as PCC mostly has the best link condition. So again a simple rule is more desirable.

As for Alt 1, whether special case should be avoided is FFS. For the same reason stated above, eNB is able to schedule appropriate MCS and TB size for the intended PUSCH, i.e. the PUSCH on the highest ranked UL SCC. In other words, eNB can avoid subjecting the intended PUSCH to the special cases if needed. Then PUSCH transmitted on the highest ranked UL CC is selected for UCI transmission, regardless of non-adaptive retransmission, SPS and small payload. However, additional PDCCH overhead may be needed for adaptive retransmission scheduling and SPS overriding.

The aim of Alt 2 is to improve UCI and data reliability and/or to minimize the impact of UCI multiplexing on data reliability. In comparison, the scheduler in option 1 only needs to assign appropriate resource for UCI and data accommodation, the scheduler in option 2 has to make sure that the intended PUSCH has the maximum resource, e.g. the single largest transmission bandwidth, or the single highest MCS level, or the single minimum overhead. This obviously leads to wasted uplink resource. Considering the same level of scheduling complexity, Alt 1 is slightly preferred.
3. Conclusions

In this contribution, we share our view on the following issues of multiple aperiodic CSI reports on PUSCH. In conclusion, we propose:
Proposal 1: Within the period of CCs activation/deactivation and CCs Reconfiguration, eNB only trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report.
Proposal 2: As the coding scheme of multiple aperiodic CQI/PMI reports on PUSCH:
· In case of separate coding for multiple A-CQI/PMI, TBCC is applied.

· In case of joint coding, for multiple A-CQI/PMI,

· If the payload is smaller than X, TBCC is used.

· If the payload is larger than X, Turbo is used.

· X is FFS.
Proposal 3: Adopt Alt 1 as mechanism of PUSCH Selection when no PUSCH on PCC and multiple PUSCH on SCCs. 
4. References

[1] R1-106540, “Draft Way Forward on aperiodic CSI triggering,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Ericsson, Nokia, Nokia Siemens Networks, Panasonic, Qualcomm, Samsung, Sharp, ST-Ericsson, Texas Instruments 
[2] R1-110009
Coding and resource mapping for UCI on PUSCH,
Huawei, HiSilicon
[3] R1-110153
Resource size for CSI reporting PUSCH considering activation status, ASUSTeK
2

