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1 Introduction

In RAN1 #69, the following was agreed regarding PDSCH mapping for JT/DPS operations:

· Agreement:
· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 

In this document we discuss the necessity of rate matching and detailed signalling design.
2 Rate matching
2.1 Rate matching for JT
First of all, in our view, JT is preferably operated in MBSFN subframes, where CRS-PDSCH collision problem of JT can be avoided. A smart eNB can schedule JT UE in MBSFN subframes and non-JT UE in non-MBSFN subframes. In such case, there is no need of PDSCH rate matching around CRS for JT UE.
There are maximum six MBSFN subframes in one frame, which should be usually sufficient for most practical scenarios assuming Rel-10/11 UEs are available. If the percentage of those UEs is small in the network, it is also possible to configure less number of MBSFN subframes. If anyhow a JT UE has to be operated in a non-MBSFN subframe, the NW can also configure CRS to collide with each other to avoid CRS-PDSCH collision, where rate matching for single cell CRS is enough.
Therefore the main observation is:
· Scheduling JT UE in MBSFN subframe can avoid PDSCH rate matching around CRS
· If a JT UE has to be scheduled in non-MBSFN subframes, NW can configure CRS to collide with each other, in which rate matching for a single cell CRS is sufficient 

2.2 Rate matching for DPS
Similar to JT, DPS operation can be scheduled in MBSFN subframes, and non-DPS (also non-JT) UEs can be scheduled in non-MBSFN subframes. Similarly PDSCH rate matching for CRS can be avoided.
In DPS, UE receives PDSCH from only one TP. If a DPS UE has to be scheduled in non-MBSFN subframe, in one subframe UE need to rate match at least the CRS from the cell where the PDSCH transmission occurs. It is arguable if to allow rate matching for CRS from the cell where the PDSCH transmission does not occur, which helps to reduce CRS interference; however this also increases UE complexity. Considering in the severe CRS interference case, DPS can anyway be scheduled in MBSFN subframe, we prefer to allow only single cell CRS rate matching.

Moreover, DPS UE may experience different CRS positions in different subframes. So a DPS UE needs to rate match PDSCH for CRS from difference cells in different subframes.
Therefore the observations are:

· Scheduling DPS UE in MBSFN subframe can avoid PDSCH rate matching around CRS
· If a DPS UE has to be scheduled in non-MBSFN subframes, UE needs to rate match for CRS from only one cell in one subframe; 
· but the UE may need to rate match PDSCH for CRS with different frequency shift (and number of antenna port) in different subframes
· Rate matching for multiple CRS (with different frequency shift) is not preferred considering UE complexity
Based on the above observations, we propose:
· In one subframe, maximally one cell CRS can be rate matched in PDSCH region
3 Signalling
3.1 CRS in PDSCH region
3.1.1 Signalling for JT

As discussed in section 2, for JT in MBSFN subframe, no need to signal CRS position. For JT in non-MBSFN subframe, a single CRS position is enough assuming NW will configure CRS to collide. Therefore, from JT perspective, we propose the following signalling design:

· When a JT UE is scheduled in MBSFN subframe, no need to signal CRS positions

· When a JT UE is scheduled in non-MBSFN subframe, a semi-static configuration of CRS position is sufficient for JT operation
· The signalling includes frequency shift and number of CRS antenna ports

· UE performs rate matching around the indicated CRS position
· Semi-static configuration of CRS position can be RRC or MAC
3.1.2 Signalling for DPS

Similar to JT operation, for DPS in MBSFN subframe, no need to signal CRS position. For DPS in non-MBSFN subframe, UE perform rate match for a single cell CRS. In different subframes, UE may perform rate match for different CRS positions. This implies some dynamic signalling is necessary for DPS in non-MBSFN subframe. Therefore,
· When a DPS UE is scheduled in MBSFN subframe, no need to signal CRS positions

· When a DPS UE is scheduled in non-MBSFN subframe, a mixed semi-static/DCI signalling is useful
· Semi-static signalling (RRC or MAC) indicates two candidates of CRS positions (frequency shift and number of antenna ports)
· Use one bit in DCI to select among the candidate CRS positions
· UE performs rate matching around the indicated CRS position
3.1.3 Unified signalling for JT and DPS

From specification perspective, it is preferred to use unified signalling for JT and DPS. After observing the above design, it is found that signalling for DPS is still applicable to JT, but that for JT is not applicable to DPS. Therefore it is reasonable to use the DPS signalling for CRS rate matching purpose.

The main problem of dynamic signalling is how to signal the one bit DCI signalling in format 2C. One possibility is to reuse the three bits for CIF field, assuming no simultaneous cross carrier scheduling and CoMP in Rel-11. The dynamic signalling of CRS may be joint coded with other Rel-11 dynamic signalling to fit the 3 bit CIF size. If proper other dynamic signalling is not found, the remaining 2 bits can be dummy.
3.2 PDSCH start symbol
Serving cell (point the UE receives PDCCH) and non-serving cell may have different PDSCH start symbol. There are three cases: 1) equal size of control region, 2) serving cell has larger control region, and 3) serving cell has smaller control region.
The simplest way is that the actual PDSCH start symbol follows serving cell PDSCH start symbol. In this way, no need to indicate non-serving cell PDSCH start symbol. However, if serving cell has larger control region, JT/DPS operation could be inefficient in case only several PRBs are assigned to CoMP UE but all other PRBs (for non-CoMP UEs attached to non-serving cell) has to be aligned. Moreover, if serving cell has smaller control region, non-serving cell control region has to be aligned with serving cell, which may cause PDCCH decoding problem in non-serving cell.
Based on the above discussions, some signalling to indicate PDSCH start symbol seems preferable. To receive other cell's PCFICH is a bit challenging from the reliability perspective similar to Rel-10 CA harsh interference condition. Therefore, one option is to indicate the actual PDSCH start symbol by RRC. This has the benefit of reusing CA design. Another option is to indicate it in the serving cell's DCI. For example, if 1 bit of CIF is used for the rate matching, the remaining 2 bits can be used for the signalling of the PDSCH start symbol. Although both options are feasible, to indicate it in RRC looks simpler.
Therefore, our proposal is

· PDSCH start symbol is semi-statically configured

UE should understand that the configured PDSCH start symbol overrides PCFICH based start symbol, similar with Rel-10 CA.
3.3 Separate or common CRS configuration in PDCCH/PDSCH region

If we assume no JT and DPS in non-MBSFN subframe, the PDSCH CRS configuration can simply follow PDCCH CRS configuration, which means common CRS configuration between PDCCH and PDSCH region. In this case, no need of signalling PDSCH CRS positions.
If we assume JT and DPS in non-MBSFN subframe, the PDSCH CRS configuration can be different from that of PDCCH region, because PDCCH region does not support CoMP from specification perspective, while PDSCH region needs to support CoMP. The CRS configuration discussed in section 3.1.3 should be applied to PDSCH region.
4 Conclusions
In this document, we identify signalling to indicate CRS for JT/DPS PDSCH mapping. Based on the discussions, we propose:

· Alt 1: Assuming JT/DPS is scheduled only in MBSFN subframe

· PDCCH CRS configuration is signalled in RRC

· PDSCH CRS in non-MBSFN subframe follows PDCCH CRS configuration

· Alt 2: Assuming JT/DPS can be scheduled in non-MBSFN subframe

· PDCCH CRS configuration is signalled in RRC

· Two candidate PDSCH CRS position are signalled in RRC (separate from PDCCH CRS configuration)
· One bit in DCI to select among the candidate CRS position
· Potentially use CIF field in format 2C

Considering the effort to design DCI for alt. 2 and the unclear performance gain, it is preferred to adopt alt. 1 in Rel-11.
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