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1 Introduction

Multi-cell periodic CSI feedback was discussed in RAN1#66bis where the motivation, performance benefits from avoiding loss of periodic CSI due to collisions, and additional benefits related to the overall system operation were demonstrated in [1-3].

Candidate PUCCH structures to support multi-cell periodic CSI feedback include the PUSCH one as well as new PUCCH structures [1-3].

This contribution considers the performance, specification, testing, and implementation aspects of candidate structures for supporting multi-cell periodic CSI.

2 Multi-Cell Periodic CSI Reporting Structures
PUCCH Format 3

Using PUCCH format 3 to support multi-cell periodic CSI feedback for up to 2 cells is a trivial re-use of the Rel.10 design supporting up to 21 bits. For 4 cells, the restrictions in multi-cell periodic CSI reporting with PUCCH format 3 are roughly equivalent to the ones resulting for 2 cells using PUCCH format 2. 
In addition to not avoiding the problem of periodic CSI collisions, especially for TDD systems, PUCCH format 3 cannot provide the desired performance for multi-cell periodic CSI reporting as, for typical geometries (e.g. Figure 1), most UEs do not experience the required SINRs to achieve the target BLERs. The same problem is well understood for the transmission of large HARQ-ACK payloads and, despite the larger BLER targets, it also exists for large multi-cell periodic CSI reports. Reducing the multiplexing capacity of PUCCH format 3 to reduce the interference can improve the SINRs at the expense of a respective increase in PUCCH overhead. 
Moreover, multiplexing multi-cell periodic CSI and multi-cell HARQ-ACK using PUCCH format 3 is generally not possible without substantial HARQ-ACK bundling (both in the spatial domain and, for TDD, in the time domain) and dropping parts of the multi-cell CSI feedback [4].  
Observation 1: PUCCH Format 3 is not suitable for supporting multi-cell periodic CSI reporting. 


[image: image1]
Figure 1: An example of a PUCCH geometry CDF.

PUSCH
The PUSCH is the simplest structure for supporting multi-cell periodic CSI while re-using the legacy procedure for multiplexing SRS and HARQ-ACK (such multiplexing may not be possible to support in a simple manner with PUCCH format 3 or a modified block spreading version of it). There is obviously no functional difference for a UE to support multi-cell aperiodic CSI without data in a PUSCH (already possible in Rel.10) and support multi-cell periodic CSI.

The multiplexing capacity is 1 UE/PRB which is similar to that of PUCCH format 2 for periodic CSI reporting for 5 cells and smaller than the one of PUCCH format 3.

Figure 2 shows the BLER for various multi-cell CSI payloads in a PUSCH consisting of 1 PRB using TBCC. 
[image: image2.png]BLER

TBCC, ETU, 10 MHz, 1x2, 3 Kmph, Actual CE,
10 T T T

:
—B8— 33 bits ]
—— 44 bits |
—#— 55 bits []

L
5 4 3 2 - 0 1
SINR (dB)





Figure 2: Multi-Cell CSI BLER.

New PUCCH Format
A new PUCCH format can be based on a structure similar to PUCCH format 3 by trading off multiplexing capacity to increase the supportable payloads. This is done by adopting a smaller SF than the SF=5 of PUCCH format 3 (i.e. by adopting different block spreading). For example, SF=2 can be used with 1 RS per slot as shown in Figure 3. Then, instead of repeating the same data in every symbol of each slot, as for the structure in Rel.10, different data can be transmitted in the first 3 symbols and the last 3 symbols in each slot.


[image: image3]
Figure 3: A new PUCCH format (one slot) with CDM of 2 UEs/slot.
The multiplexing capacity of this new PUCCH format is 2.5x smaller than the one of PUCCH format 3 (2 UEs/PRB vs. 5 UEs/RB) while the supportable payloads are about 2.5x larger (the theoretical 3x payload increase needs to be adjusted to account for the worse channel estimation performance due to 1 RS/slot). Therefore, at the limit of its capacity, the new PUCCH format can roughly support multi-cell periodic CSI feedback from 5 cells.

The new PUCCH format in Figure 2 is simply an intermediate step between PUCCH format 3 (SF=5) and PUSCH (SF=1). In fact, the PUSCH structure can also achieve the same attributes as the structure in Figure 2 by using TDM instead of CDM as shown in Figure 3 (e.g. for normal CP, the available of symbols per slot for each UE are either the first 4 or the last 4 – RS is multiplexed using CS). However, this is also effectively a new PUCCH format. 


[image: image4]
Figure 4: A new PUCCH format (one slot) with TDM of 2 UEs/slot.

The performance of the structures in Figure 3 or Figure 4 (assuming TBCC) compared to the conventional PUSCH structure will be at least 3 dB worse due to the 50% less symbols used for the CSI transmission and the increased interference on the RS. Some additional losses will occur due to the larger effective code rates for large payloads.

The new PUCCH formats offer 2x the multiplexing capacity of PUSCH but for typical geometries they can support a substantially smaller percentage of UEs (depending on the multi-cell CSI payload). Moreover, for HARQ-ACK and CSI multiplexing, substantial HARQ-ACK bundling (both in the spatial domain and, for TDD, in the time domain) and dropping parts of the multi-cell CSI feedback will again be required as for the conventional PUCCH format 3. Additionally, even though it is not supported in Rel.10, periodic CSI and SRS multiplexing may be needed in Rel.11. This is not practically possible using the new PUCCH format in Figure 2 and will require additional complexity using the new PUCCH format in Figure 4 (e.g. switch the location of the 2 CSIs in the 2 slots).  

The specification/implementation/testing impact from a new PUCCH format is substantial as its requirements include: 
a) Extensive new specifications.
b) Modifications to existing transmitter and receiver structures.
c) New testing.
d) New performance requirements in RAN4.  
Observation 2: A new PUCCH format can support 2 UEs/subframe, either by CDM or by TDM, and provides enhanced capability for multi-cell periodic CSI reporting compared to PUCCH format 3 but cannot avoid the same shortcomings while requiring significant specification/implementation/testing complexity. 

Summary
Rel.10 already provides the necessary structures for supporting multi-cell periodic CSI reporting. A legacy UE already supports multi-cell periodic CSI reporting using PUCCH format 2 (in different subframes for different cells which can result to acceptable operation for 2 cells except for some TDD configurations) and multi-cell (aperiodic) CSI-only reporting using a PUSCH structure. 
The simplest approach to support multi-cell periodic CSI reporting is to allow the network to configure a UE either for legacy operation (with PUCCH format 2) or for use of the conventional PUSCH structure. This results to trivial specification/implementation/testing complexity while allowing the network to ensure that periodic CSI collisions are avoided when needed (e.g. for more than 2 activated cells or for some TDD configurations). The use of the conventional PUCCH format 2 and PUSCH structures is also highly efficient and flexible in controlling performance and overhead and enabling multiplexing with SRS or with respective multi-cell HARQ-ACK. 
Using a PUSCH structure to support multi-cell periodic CSI reporting only requires the definition of the associated higher layer signaling. As it is already possible for a PUSCH to convey only multi-cell aperiodic CSI, also supporting multi-cell periodic CSI is a most trivial issue which does not require any RAN4 involvement, does not introduce new structures and associated RAN1 specifications, reduces energy consumption at the UE (compared to multiple, single-cell, periodic CSI transmissions with PUCCH format 2), and does not introduce any additional UE complexity. 

Proposal: Support multi-cell periodic CSI in a same subframe using the PUSCH structure.

3 Conclusions

This contribution considered the support of multi-cell periodic CSI reporting in a same subframe. This can be achieved without introducing new transmitter/receiver structures while the associated specification/implementation/testing complexities are trivial or non-existent. 
Proposal: Support multi-cell periodic CSI in a same subframe using the PUSCH structure.
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