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1. Introduction
In the RAN # 51 plenary, the work item for CA enhancements was approved in [1] for Rel-11 and the WID was updated in [2]. According to [2], UL and DL physical layer signalling is included as a scope of CA enhancements as addressed below. 
· Identify details for the LTE Carrier Aggregation enhancements methods to be specified through tradeoff analyses where aspects from all the relevant RAN WGs are considered. Redundant solutions and enhancement methods for the same purposes e.g. on different layers should be avoided. Enhancements on the following areas are investigated:
· Possible improvements in the related signaling for the use of LTE carrier aggregation, including 
i. UL and DL physical layer signaling,
ii. RRC and MAC signaling to support carrier aggregation,
iii. enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
As the scope of UL physical layer signalling enhancement,  we summarize our view on a new PUCCH format to transmit periodic CSI of multiple serving cells in this document. . 
2. A new PUCCH format for periodic CSI 
In Rel-10 CA, for each serving cell, the periodicity 
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 (in subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-ConfigIndex (
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) . The UE transmits periodic CSI of each serving cell in the different subframes. It leads to support periodic CSI reporting of multiple serving cells without modification of the Rel-8 PUCCH format 2 which transmits up to 11 bits and hence is not sufficient to transmit periodic CSI of multiple serving cells at one subframe. This approach would be the simplest way to multiplex CSI of multiple serving cells in the time domain. However, during Rel-10 CA, it was proposed that the current PUCCH format 2 is not efficient for transmission of CSI reporting in CA because it supports only up to 11 bits. As consequence, a  new PUCCH format was proposed to transmit the large payload size CSI transmission although there was no consensus in Rel-10. 
Now as Rel-11 work item is initiated, it would be worthwhile to further consider whether a new PUCCH format for periodic CSI reporting is needed in the scope of uplink physical signalling enhancement. 
There are some scenarios that may require that the new PUCCH format is introduced. 
· The large number of serving cells:  Figure 1 shows one example of periodic CSI reporting when five serving cells are configured.  To avoid the collision between wideband CQI/PMI of 5 serving cells,  
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 should be at least 5 subframes. Since periodic CSI will be dropped when collision with HARQ-ACK and scheduling request transmission occur due to its  lower priority t, the additional dropping should be avoided as much as possible by assigning periodic CSI reporting of multiple serving cells in the different subframes. In this case, assuming 
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=5 and K=1, the minimum full cycle of CSI reporting in 20MHz is 25ms. Such reporting cycle will be increased even further in case of TDD. For example, if there are 2 UL subframes as in TDD configuration 2 or 4, the minimum full cycle of CSI reporting is 125ms. As the cycle is longer, the scheduling performance would be degraded.  
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Figure 1: example of periodic CSI reporting when five serving cells are configured

· DL CoMP transmission:  the CoMP study item is completed and TR36.819 is approved in the last RAN1 meeting [3]. According to the CoMP study, there are CoMP schemes that require feedback for  each  transmission point(TP). In this case, the amount of CSI reporting can be increased with respect to the number of TPs involved in CoMP transmission. Therefore, in TR 36.819, the following statement is included. 
The following possibilities should be studied for the “container” of the DL CoMP feedback:

· Expand the supported PUCCH payload sizes

· Use periodic/aperiodic reports on PUSCH
· Other enhancements such as e.g. increased PUCCH reporting instances
The first two possibilities require the introduction of a new PUCCH format, while the third approach is based on the current PUCCH format 2. The third approach is a straightforward approach which requires least modifications to the current PUCCH transmission. It should work well if the number of TPs required for feedback in CoMP is not large. However, if feedback is required for large number of TPs or large number of serving cells, or feedback is required for CoMP together with CA, the feedback cycle for each TP and each serving cell could become too large to maintain the acceptable performance. In light of that, PUCCH feedback with large pay load may provide a valid alternative.  
Based on above discussion, we would recommend that RAN1 study a new PUCCH format in Rel-11 carrier aggregation for CA scenario where the large number of multiple serving cells is scheduled or CoMP scenario which may requiring the large feedback. 
There are two possible solutions to increase the payload size. 
· Reuse PUCCH format 3: in LTE Rel-10, PUCCH format 3 transmits up to 20bits of HARQ-ACK with dual RM coding. The same method can be used for periodic CSI transmission if the maximum CSI payload is decided as up to 20 bits. Otherwise, PUCCH format 3 could be modified to increase the capacity, which would introduce more complexity in the sense that a totally new PUCCH scheme would be introduced. PUCCH format 3 resources could be allocated by RRC signalling as used in PUCCH format 2. However, to improve resource utilization of PUCCH format 3, the possibility of applying semi-persistent scheduling for PUCCH format 3 could be discussed.  
· Reuse PUSCH with semi-persistent scheduling: periodic CSI is transmitted in PUSCH similar to aperiodic CSI transmission. However, the PUSCH resource is semi-persistently scheduled.  The advantage of this approach is that it can transmit the large number of bits compared to PUCCH format 3. On the other hand, if the maximum number of required CSI feedback is small, this approach may waste PUSCH resource.  
It is not clearly shown which method is more desirable for the new PUCCH. However, both of them are based on the existing uplink control channel, and hence it would lead to smaller complexity increases than introducing a totally new PUCCH format. Therefore, as a starting point, the above two approaches could be discussed for the new PUCCH format to transmit the large payload size. 
3. Conclusion

In this document, we discussed the scenarios requiring a new PUCCH format and possible approaches. Based on the discussion in Section 2, we would recommend that RAN1 study a new PUCCH format for Rel-11 CA scenarios where the large number of multiple serving cells is scheduled or for Rel-11 CoMP scenarios which may require large feedback for multiple transmission points.  Furthermore, as a starting point, the following two approaches should be investigated for the new PUCCH format for periodic CSI transmission. 
· Reuse PUCCH format 3

· Reuse PUSCH with semi-persistent scheduling
4. References
[1] RP-110451, “WI Proposal: LTE CA enhancements”, Nokia Corporation,  Nokia Siemens Networks

[2] RP-110732
, “Update to LTE Carrier Aggregation Enhancements WID,”, Nokia Corporation, Nokia Siemens Networks
[3] R1-112882
TR36.819 v1.2.0 for CoMP SI














3

_1316814133.unknown

_1352755221.unknown

_1378731179.vsd
W1


S1


W2


W3


W4


W1


Np,d


(J * K +1) * Np,d


W5


S2


S3


S4


S5


time


Np,d



_1316537455.unknown

