
3GPP TSG RAN WG1 Meeting #63bis

 





    
            R1-110416
Dublin, Ireland, January 17-21, 2011
Agenda Item:
6.2.1
Source:
Huawei, HiSilicon
Title:
Periodic CQI/PMI/RI Reporting for CA
Document for:
Discussion and decision 
1 Introduction

In the case of more than 2 aggregated CCs and TDD configuration with few UL subframes, it is hard to avoid CSI for multiple carriers configured in the same instance. Given the limited capacity of PUCCH format 2 (supporting 13 bits at most), some information has to be dropped [2] [3], and the dropping could happen very frequently. In RAN1# 63 meeting, a Way Forward [1] was proposed to support periodic CSI transmission on PUSCH in a way with least standard impact. 
In this paper, more analysis and a complete solution for periodic CSI transmission on PUSCH will be provided.
2 Motivation to transmit periodic CSI on PUSCH

In order to efficiently report periodic CSI with larger payload size, periodic CSI transmitted on PUSCH needs to be considered. If only PUCCH resource is used, due to the limited capacity on PUCCH, dropping CSI would occur too frequently and in some scenarios becomes unacceptable. For example:

· Scenario 1: More than 2 CCs are activated for a UE. In this case, it will complicate the eNB scheduler and limit the short-time period (
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) to avoid collisions, i.e. CSI for multiple carriers configured in the same instance. For example in the case of 5 CCs configured, 
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 needs to be more than 5ms for one CC to avoid collisions.
· Scenario 2: TDD configuration 1~5 combined with DL CA is configured. In this case, it seems impossible to avoid collisions among more than 2 aggregated CCs, especially for configuration 2, 4 and 5 (1 or 2 UL subframes in one radio frame). Although SRS can help to estimate CSI due to TDD channel reciprocity, there will be big challenge if less UL CCs than DL CCs are configured.

Proposal 1: Periodic CSI transmitted on PUSCH needs to be supported.
3 Transmission of periodic CSI on PUSCH

3.1 Content of periodic CSI on PUSCH 
To make scenario 1 and 2 workable and to lower the unnecessary overhead, the reporting instances need to be reduced as much as possible. So it is desirable to combine the wideband/subband reporting for multiple CCs into the same subframe. 
· For each CC, the periodic CSI contents of wideband and subband can be combined into the same reporting instance, which is applicable for mode 2-0 and 2-1. For example, in the case of mode 2-0, a complete CSI reporting of 10MHz system bandwidth includes one wideband CQI and three selected subband CQIs, which needs at least four reporting instances. However, if all the kinds of periodic CQIs are combined, only one reporting instance is needed as shown in figure 1.
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Figure 1 the periodic CSI contents in multiple reporting instances are combined

· The periodic CSI contents in multiple CCs can be combined. For example, in the case of three aggregated CCs, three reporting instances are needed to report CSI for different CCs in different subframes, but only one reporting instance is needed with combination as shown in figure 2.
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Figure 2 the periodic CSI contents in multiple reporting instances are combined

For the UE configured with the combined periodic CSI reporting, no PUCCH resource is needed for periodic CSI.
Proposal 2: The periodic CSI contents for wideband/subband reporting and for multiple CCs can be combined into the same subframe.

3.2 Scheduling of periodic CSI on PUSCH

The main scheduling information of combined periodic CSI includes reporting instance, RB assignment, MCS, etc. Reporting instance is discussed above, which can be configured with RRC signalling. Payload size is decided by the configured CSI reporting modes. How to configure other scheduling information needs further discussion, and 3 possible schemes are discussed below:
· Mechanism 1: semi-static scheduling with RRC signalling;

In this mechanism, the main scheduling information such as reporting instance, RB assignment and MCS is configured by RRC signalling. 

If there is a transport block for UL-SCH transmitted in the same subframe, the combined periodic CSI is multiplexed with data on the same PUSCH as in Rel-8.
If there is no transport block for UL-SCH, the combined periodic CSI is transmitted on PUSCH according to configured scheduling information by RRC signaling.
Mechanism 1 can not fully exploit the scheduling gain since RRC signalling is (re-)configured statistically. In Rel-8, there is no resource for PUSCH allocated by RRC signalling, so further study and evaluation is needed to justify the ‘new’ resource allocation scheme.
· Mechanism 2:dynamic scheduling with UL Grant;
In this mechanism, the main scheduling information such as RB assignment is carried by PDCCH. 
If there is a transport block for UL-SCH transmitted in the same subframe, the combined periodic CSI is multiplexed with data on the same PUSCH as in Rel-8.

If there is no transport block for UL-SCH, a PDCCH is triggered to schedule the combined periodic CSI, where the PDCCH is transmitted with DCI format 0 and the setting IMCS=0 and NPRB>1 can be used to indicate there is no transport block scheduled. Here the setting reuses the TB disabling state in DCI Format 4.
If there is no transport block for UL-SCH and no UL Grant is detected in the reporting instance for the combined periodic CSI, the report can be dropped.
Mechanism 2 can fully exploit the scheduling gain by fast resource re-allocation. Each reporting instance needs an UL Grant, so the PDCCH overhead is higher. However, if there is UL data in the same subframe, no extra PDCCH is needed. 
· Mechanism 3: semi-persistent scheduling with UL Grant;
Mechanism 3 is a balance between mechanism 1 and 2. In this mechanism, the main scheduling information such as RB assignment is carried by SPS activation grant.

If there is a transport block for UL-SCH transmitted in the same subframe, the combined periodic CSI is multiplexed with data on the same PUSCH as in Rel-8.

If there is no transport block for UL-SCH, i.e. when the SPS activation grant is to schedule the combined periodic CSI only, some fields can be set to indicate this case. A simple method can be:

· The NDI field is set to “0”; the MCS and RV field is set to “11101’ or “11110” or “11111”.
According to the analysis above, the following summary can be achieved:

If there is a transport block, the same operation as in Rel-8 is done for all the three mechanisms. 

Proposal 3: If there is a transport block for UL-SCH transmitted in the same subframe, the combined periodic CSI is multiplexed with data on the same PUSCH as in Rel-8.
If there is no transport block for UL-SCH,  
· Mechanism 1 does not need PDCCH overhead. However, it can not fully exploit the scheduling gain, and further study and evaluation is needed to justify the ‘new’ resource allocation scheme. 
· Mechanism 2 requires additional PDCCH overhead, but the combined CSI reporting is usually with large enough payload size and the scheme has limited standard impact in RAN1, i.e., to support periodic CSI only transmission on PUSCH by setting some fields in the DCI format 0 into predefined states.
· Mechanism 3 is with low PDCCH overhead. However, it needs further study on how to handle the relationship with SPS transport block for UL-SCH since only one SPS session is supported currently. 
Therefore, mechanism 2 is preferred currently.
Proposal 4: If there is no transport block for UL-SCH, a PDCCH is triggered to indicate the scheduling information for the combined periodic CSI. 
· Reporting instance is configured with RRC signalling.
· The main scheduling information such as RB assignment is carried by PDCCH.

· Setting IMCS=0, NPRB>1 to indicate no transport block for UL-SCH.
Proposal 5: If there is no transport block for UL-SCH and no UL Grant is detected in the reporting instance for the combined periodic CSI, the report can be dropped.
3.3 Impacts on standardization

In the following, more analysis and comparison are provided:
· The impact on standardization for combined reporting instance

· There is no need to introduce new CQI/PMI/RI transmission modes, i.e. we can keep the same rule as already defined in 36.213 to generate wideband and subband CQI/PMI for all the transmission modes 1-0, 2-0, 1-1 and 2-1.

· The method of channel coding and modulation for CSI on PUSCH has already been defined in Rel-8. The same method can be adopted here.

· The periodicity needs to be modified but the modification can be as simple as following. In Rel-8/9, the period of wideband CQI/PMI report is defined as
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 reporting instances are used in sequence for subband CQI reports. To combine the reporting instances, the wideband report and all the selected subband reports have the same period and are transmitted in the same subframe. Therefore, 
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 is enough for defining the periodicity of the wideband report and all the selected subband reports. The periodicity of RI is 
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as in Rel-8.
· The impact on standardization for scheduling

The proposed mechanism 2, as discussed in section 3.2, has limited standard impact in RAN1, i.e., to support periodic CSI only transmission on PUSCH by setting some fields in the DCI format 0 into predefined states.
· Comparison between periodic CSI on PUSCH and aperiodic CSI

It is not recommended to use aperiodic CSI to replace periodic CSI reporting, although combining wideband and subband reporting is also done in aperiodic CSI report. 
· Aperiodic CSI is often configured to contain more detailed reporting information than periodic CSI, so the overhead is usually large. For example, if some CCs are only configured with mode 1-0 (only reporting wideband CQI) for periodic reporting, no similar aperiodic CSI reporting is available.
4 Conclusions
In this contribution, we further analyze the periodic CSI transmission on PUSCH and give our proposals:

Proposal 1: Periodic CSI transmitted on PUSCH needs to be supported.

Proposal 2: The periodic CSI contents in multiple reporting instances and multiple CCs can be combined and then reported in the same subframe.
· The periodicity of the wideband report and all the selected subband reports is 
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· The periodicity of RI is 
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 as in Rel-8.
Proposal 3: If there is a transport block for UL-SCH transmitted in the same subframe, the combined periodic CSI is multiplexed with data on the same PUSCH as in Rel-8.
Proposal 4: If there is no transport block for UL-SCH, a PDCCH is triggered to indicate the scheduling information for the combined periodic CSI. 
· Reporting instance is configured with RRC signalling.
· The main scheduling information except for reporting instance such as RB assignment is carried by PDCCH.

· Setting IMCS=0, NPRB>1 to indicate no transport block for UL-SCH.
Proposal 5: If there is no transport block for UL-SCH and no UL Grant is detected in the reporting instance for the combined periodic CSI, the report can be dropped.
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