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1. Introduction

In RAN1 #68bis meeting [1], the following agreement has been captured

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution, we discuss on multi-cell Periodic CSI multiplexing. According to the agreement, such multiplexing is based on existing UL channel formats. Therefore in the paper we investigate two potential options, i.e.
· Multi-cell Periodic CSI multiplexing in PUCCH, and

· Multi-cell Periodic CSI Multiplexing in PUSCH

Based on the discussions, we have proposals on both options, which are summarized in the end of the contribution. 
2. Multi-cell Periodic CSI multiplexing in PUCCH
In Rel-8/9/10, PUCCH format 2/2a/2b is used for single-cell periodic CSI reporting, whose payload size is up to 11 bits. The other PUCCH formats can only be used for HARQ-ACK feedback, where PUCCH format 3 is capable of transmitting up to 20-bit ACK/NACK information and has 22-bit capacity in theory. Considering the very limited potential of payload size enhancement on PUCCH format 1a/1b and 2/2a/2b, it seems PUCCH format 3 is the only option of control channel for multi-cell periodic CSI reporting.

Though 48 coded bits are transmitted via PUCCH format 3, the dual RM encoder structure limits the maximum payload size can be carried by PUCCH format 3 to 22 bits, which sets a hard threshold for multi-cell periodic CSI reporting via PUCCH. If format 3 is agreed for multi-cell CSI reporting, the following issues need to be specified:

· Number of cells whose periodic CSI is reported during one subframe

· Cell priorities for periodic CSI reporting

· Encoding and multiplexing method

In this section, these aspects will be discussed in details.

Number of cells

Due to the 22-bit capacity of PUCCH format 3 and a  maximum periodic CSI report size of 11 bits, PUCCH format 3 can be used for two and only two cells’ periodic CSI reporting. However, there are some other factors we need to consider besides the simple mathematical calculation. Firstly, periodic CSI reporting has several reporting types, and their payload sizes differ significantly. Many of them are less than 11 bits. Therefore, it is possible that one format 3 channel can carry periodic CSI for more than 2 cells. Secondly, the maximum payload size of PUCCH format 3 also needs to take the SNR of the uplink transmission into account. For cell edge UEs, using all 22 bits for periodic CSI reporting may lead to failed reception. In this case, a UE-specific maximum payload threshold may be needed, and accordingly impacts the number of cells whose periodic CSI is reported. Thirdly, various reporting types have different performance requirements, e.g. RI normally requires more reliable reception than PMI/CQI. In other words, the number of periodic CSI multiplexed during one subframe is also determined by reporting types.
Proposal 1: The number of periodic CSI reporting multiplexed in PUCCH format 3 during one subframe could be UE specific, e.g., considering CSI reporting type and payload size of each CSI reporting, and also UE geometry.
Cell priority

Since PUCCH format 3 has limited capacity and probably cannot carry all periodic CSIs that need to be reported in one subframe, periodic CSI dropping is unavoidable. Then one question is which cells’ CSI can be transmitted and which cannot. This issue can be solved by prioritizing all cells’ CSI. In Rel-10, a CSI priority rule has been defined, which depends on reporting type and cell ID. The same principle could be baseline and a good starting point here. But we must also notice the difference between Rel-10 single cell CSI reporting and Rel-11 multi-cell CSI reporting, i.e. more than one periodic CSI could be reported in Rel-11 and a as large as possible number is desired. Therefore, one extra rule of CSI reporting length should be introduced. For instance, when multiple CSI reports have the same reporting type priority, the shorter length CSI should be considered with higher priority in order to fill more CSIs in one PUCCH format 3.
Proposal 2: Rel-10 cell priority rule is baseline, and CSI reporting length can also be considered in cell prioritizing as well as reporting type and cell ID.
Multiplexing and encoding

To minimize the standardization impact and specification effort, it is desirable to reuse the current PUCCH format 3 encoding structure to the largest possible extent. Therefore, it is straightforward to concatenate multiple CSIs and feed them into the PUCCH format 3 encoder. When the transmitted CSI reports have the same reporting type priority, which means similar BER requirement, treating all CSIs with the same code rate is no problem. However, when very different reporting type priorities need to be multiplexed together, e.g. one RI and one subband CQI, directly using PUCCH format 3 encoder may cause transmission power wasting on lower priority CSI as the higher requirement has to be used. One potential solution is introducing a pre channel encoder for the highest priority CSI reporting, and the coded high-priority CSIs are further concatenated with original low-priority CSIs. The concatenated CSI bits are then used as input to the PUCCH format 3 encoder, as well as to determine the number of multiplexed CSIs. This scheme leads to different effective code rates for high and low priority CSIs and is capable of fully exploiting PUCCH format 3 resource at the cost of limited spec impact.
Proposal 3: A pre-encoder could be introduced for high-priority periodic CSI in order to exploit PUCCH format 3 capacity to the largest extent.
3. Multi-Cell Periodic CSI Multiplexing in PUSCH
As discussed in Section 2, there is a CSI payload limit with PUCCH. On the other hand, it is straightforward to support 55 periodic CSI bits with PUSCH, which corresponds to up to 5 configured CCs. In the following we discuss on several aspects of PUSCH-based multiple cell periodic CSI multiplexing. 
Configuration of periodic CSI

To minimize the specification effort, it is desirable to reuse the existing periodic CSI configurations. More specifically periodic CSIs of the CCs are independently configured as in LTE Rel-10, and if UE determines based on these configurations that periodic CSIs for multiple cells need to be multiplexed in the same subframe, it uses PUSCH resources to transmit all the colliding periodic CSIs. Besides this, it seems unnecessary to enable other multiplexing alternatives, e.g, multiplexing the periodic CSI of different report types for the same CC in a subframe, or multiplexing periodic CSI of one CC and aperiodic CSI of another CC in same subframe, since it introduces additional CSI feedback configurations to Rel-11 UEs than Rel-10, which may cause in-negligible impact on specification and scheduler design without clear gain. 
Proposal 4 To reuse existing periodic CSI configurations for multiple cells, i.e., 

· periodic CSIs of the cells are independently configured, and

· if UE determines based on these configurations that periodic CSIs for multiple cells need to multiplexed in the same subframe, it uses PUSCH resources to transmit all the colliding periodic CSIs

Encoding of periodic CSI and mapping to physical resources
As in LTE Rel-10 the encoding and physical resource mapping for UCI on PUSCH has been well designed to address periodic CSI as well as multiple cell aperiodic CSI. Also, the resource mapping is optimized for both single layer and multiple PUSCH layers cases. Furthermore, it is desirable to follow the same operations when UE has only one periodic CSI (which is supported in Rel-10) or multiple periodic CSIs to transmit on PUSCH. Therefore, a good starting point is to reuse existing mechanism in LTE Rel-10 for encoding of periodic CSI and mapping to physical resources. Based on this, there still needs to be some small specification effort to address the new problems caused by the new multiple periodic CSI multiplexing in LTE Rel-11 compared with the Rel-10 UCI multiplexing on PUSCH. For example, 
· For the channel encoding procedure, the concatenation of multiple cells’ periodic CSIs needs to be defined, which is similar as for aperiodic CSI or multiple-cell HARQ-ACK in Rel-10. 
· The encoding of RI/PTI/wideband PMI needs to be specified as currently the RI encoding in 36.212 only addresses up to 15 RI bits in the input of encoder, while in case of multiple periodic CSI multiplexing, the total payload of RI/PTI/wideband PMI can be up to 35 bits in the extreme case.
· Another issue to consider is the resource mapping of RI/PTI/wideband PMI to PUSCH; In Rel-10, when multiplexing UCI with PUSCH, the RI is only mapped to the 4 OFDM symbols in a subframe. It is FFS whether such resource mapping is sufficient to handle increased number of RI bits. 
Proposal 5 Aiming at reuse of existing mechanism in LTE Rel-10 for encoding of periodic CSI and mapping to physical resources
· small specification effort to extend Rel-10 specification to support encoding of multiple periodic CSIs in PUSCH

· FFS if there is resource issue with multiple cells’ RI transmission. 
PUSCH resource configuration

Another open issue is how to assign/configure the PUSCH resource for multiple periodic CSI feedback. Since one merit with existing periodic CSI feedback mechanism is to avoid the DL control overhead due to dynamic CSI triggering, in our view if to send DL control for PUSCH resource assignment in every transmission instance, the merit of supporting multiple periodic CSI multiplexing will be destroyed/reduced . It is therefore desirable to use similar mechanism as current SPS PUSCH. More specifically the PUSCH resource for multiple periodic CSI feedback can be either predefined via RRC (which is similar as a PUCCH Format 2 resource for single periodic CSI feedback) or assign once by PDCCH (which is similar as a PDCCH for SPS activation). In either case, it is useful to provide the system the flexibility that such reserved PUSCH resources can be adjusted dynamically based on need. In SPS PUSCH there is already such flexibility, which is based on resource assignment via a validated PDCCH. In the following we list a few possible options for PUSCH resource reconfiguration via PDCCH. 
Option 1 Reuse existing CSI triggering bits in PDCCH
In this option, some existing CSI triggering bits (or some states which are indicated by those bits) in PDCCH may be redefined. For example, UE may determine a PDCCH is for PUSCH resource reconfiguration, if the CSI triggering bits in the DCI is equal to “01”. Based on this, UE will adjust the PUSCH resources for multiple periodic CSI transmissions starting from the UL subframe for which this PDCCH applies. Such redefinition if specified only impacts Rel-11 UEs. One possible impact with Option 1 is the reduced flexibility of aperiodic CSI triggering compared to Rel-10, as some of the triggering states are unavailable. 
Option 2 Use combination of DCI fields such as MCS, A-CSI triggering bits, and NDI bits
In this option, UE may determine a PDCCH is for PUSCH resource reconfiguration, if certain combination of DCI fields such as MCS, A-CSI triggering bits, and NDI bits is detected. For example, the following combination can be defined
· I_MCS = 29, 30 or 31 (one of these values), i.e., reserved MCS value

· A-CSI = 0, or 00 when A-CSI is 1 or 2 bits width, i.e., no A-CSI is triggered

· NDI bit has been toggled, i.e., this is not retransmission for a previous PUSCH

Redefining this combination may not have impact to the system performance as it is basically regarded a misconfiguration in the current specification. Same as in the first option, UE will adjust the PUSCH resources for multiple periodic CSI transmissions accordingly starting from the UL subframe for which this PDCCH applies.
Option 3 Introduce a new RNTI
In this option the procedure is similar as current SPS PUSCH. A new RNTI, e.g., PCSI C-RNTI is used, so that if UE detects PDCCH addressed by this RNTI, UE may determine a PDCCH is for PUSCH resource reconfiguration. One difference compared with SPS PUSCH is that the periodic CSI doesn’t require HARQ retransmissions. Therefore, it is possible to reuse NDI filed in the DCI in this field to indicate whether this PDCCH is used to adjust PUSCH resource in the current UL subframe or is for reconfiguration for the following time period. The specification effort is limited with this option as it is similar to SPS PUSCH mechanism.  On the other hand, this option has some impact on UE implementation, as extra RNTI has to be checked in the relevant subframes. 
Based on the analysis, we propose RAN1 to further discuss on these listed options, taking both specification effort and performance into account. 
4. Conclusions

In this paper, we discuss on multiple periodic CSI multiplexing in PUCCH and PUSCH. Our proposals are summarize in the following
Proposal 1: The number of periodic CSI reporting multiplexed in PUCCH format 3 during one subframe could be UE specific, e.g., considering CSI reporting type and payload size of each CSI reporting, and also UE geometry.
Proposal 2: Rel-10 cell priority rule is baseline, and CSI reporting length can also be considered in cell prioritizing as well as reporting type and cell ID.
Proposal 3: A pre-encoder could be introduced for high-priority periodic CSI in order to exploit PUCCH format 3 capacity to the largest extent.
Proposal 4 To reuse existing periodic CSI configurations for multiple cells, i.e., 

· periodic CSIs of the cells are independently configured, and

· if UE determines based on these configurations that periodic CSIs for multiple cells need to multiplexed in the same subframe, it uses PUSCH resources to transmit all the colliding periodic CSIs

Proposal 5 Aiming at reuse of existing mechanism in LTE Rel-10 for encoding of periodic CSI and mapping to physical resources
· small specification effort to extend Rel-10 specification to support encoding of multiple periodic CSIs in PUSCH

· FFS if there is resource issue with multiple cells’ RI transmission. 
Furthermore, we suggest RAN1 to further discuss on the possible options of PUSCH resource configuration for multiple periodic CSI multiplexing. 
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