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1. Introduction

In the previous RAN1#62 meeting, there are discussions and agreements on the signalling to support CSI-RS based on way forward [1]. Furthermore, the benefit of PDSCH muting and the signalling to support PDSCH muting were also discussed [2]-[14]. However, there have been no specific conclusions on PDSCH muting.

This contribution discusses configurations and the signalling methods to support PDSCH muting with considerations of the agreed CSI-RS signalling.
2. Configurations and the signalling methods to support PDSCH muting

(1) Signalling for muting subframes (muting subframe offset and duty cycle)
Firstly and generally, we could consider two cases for PDSCH muting [15].

- Case A: PDSCH muting is applied only within a subframe transmitting CSI-RS of the serving cell.

- Case B: PDSCH muting can be applied on other subframes than the ones transmitting CSI-RS of the serving cell.

For each case, the relationship between the serving cell’s subframe offset and duty cycle and each neighbour cell’s subframe offset and duty cycle can be considered as below.
In Case A, 

- Case A-1: The CSI-RS subframe offset and duty cycle of each neighbour cell are the same as the CSI-RS subframe offset and duty cycle of the serving cell.
- Case A-2: The CSI-RS subframe offset of each neighbour cell is the same as the CSI-RS subframe offset of the serving cell, and the CSI-RS duty cycle of each neighbour cell can be a multiple of the CSI-RS duty cycle of the serving cell.
In Case B, 

- Case B-1: The CSI-RS subframe offset of each neighbour cell is the same as the CSI-RS subframe offset of the serving cell, and the CSI-RS duty cycle of the serving cell and each neighbour cell can have different values.
- Case B-2: The CSI-RS subframe offset and duty cycle of each neighbour cell can be different from the CSI-RS subframe offset and duty cycle of the serving cell.
1) Case A-1
Obviously, there is no need to have any explicit signalling for muting subframe offset and duty cycle. Because, the CSI-RS subframe offset and duty cycle of all neighbour cells are the same as the CSI-RS subframe offset and duty cycle of the serving cell. Therefore, the muting subframe offset and duty cycle can be known by serving cell’s CSI-RS subframe offset and duty cycle.

- Total signalling bits : 0bit
- muting subframe offset and duty cycle = serving cell’s CSI-RS subframe offset and duty cycle

2) Case A-2
There is need to signal only muting duty cycle. (The muting subframe offset can be known by serving cell’s CSI-RS subframe offset.) We can consider two signalling methods for Case A-2.

Option A: only signalling of muting duty cycle for each neighbour cell
- Total signalling bits : (N-1)∙3bits

   ▪ N is the total number of cells in CoMP set or HetNet
▪ 3bits indicate one of {1,2,4,8,16} for each neighbour cell’s muting duty cycle as a multiple of the serving cell’s CSI-RS duty cycle
- muting duty cycle → 3bit signalling 
- muting subframe offset = serving cell’s CSI-RS suframe offset

Option B: only signalling of common muting duty cycle 

- Total signalling bits : 3bits

▪ 3bits indicate one of {1,2,4,8,16} for common muting duty cycle as a multiple of the serving cell’s CSI-RS duty cycle

- muting duty cycle → 3bit signalling 

- muting subframe offset = serving cell’s CSI-RS subframe offset
3) Case B-1
There is also need to signal only muting duty cycle as Case A-2. (The muting subframe offset can be also known by serving cell’s CSI-RS subframe offset.) We can also consider two signalling methods for Case B-1 as for Case A-2.

Option A′: only signalling of muting duty cycle for each neighbour cell

- Total signalling bits : (N-1)∙3bits

▪ 3bits indicate one of {5ms, 10ms, 20ms, 40ms, 80ms} for each neighbour cell’s muting duty cycle based on the neighbour cell’s CSI-RS duty cycle

- muting duty cycle → 3bit signalling 

- muting subframe offset → (serving cell’s CSI-RS subframe offset) mod (signalled muting duty cycle)
Option B′: only signalling of common muting duty cycle 

- Total signalling bits : 3bits

▪ 3bits indicate one of {5ms, 10ms, 20ms, 40ms, 80ms} for common muting duty cycle

- muting duty cycle → 3bit signalling 

- muting subframe offset → (serving cell’s CSI-RS subframe offset) mod (signalled muting duty cycle)
4) Case B-2
We have to signal not only muting duty cycle, but also muting subframe offset. In this case, common muting duty cycle and subframe offset for each neighbour cell are not appropriate. Because, it could cause unnecessary muting (=over-muting) or interference (← due to sparse muting) by many different muting subframes for neighbour cells. For this case, we can signal muting subframe offset and duty cycle using the same encoding as for the subframe offset and duty cycle of the CSI-RS.

- Total signalling bits : (N-1)∙8bits

▪ 8bits → same encoding as for the subframe offset and duty cycle of the CSI-RS

- muting subframe offset and duty cycle → jointly encoded 8bits signalling

For above each case, we did not reach to any agreements for CSI-RS transmission scenario of each cell in CoMP set or HetNet. However, Case A-2 could be more reasonable CSI-RS transmission scenario if we consider the possibly supported case for HetNet environment and discussions in [15]. In Macro-cell/Pico-cell(or HetNet) environment, it should be considered that the CSI-RS duty cycle of each cell can be different (for example, pico-cell has more long duty cycle than serving cell). In [15], it was discussed that Case B has more significant performance degradation over Rel-8/9 UEs with PDSCH muting, and, thus, Case A is more preferable.
From the above, we suggest that Case A-2 is the baseline for CSI-RS transmission scenario with PDSCH muting. As mentioned, in Case A-2, we consider two signalling method for PDSCH muting – Option A, and Option B. Option A can have more accuracy in muting signalling due to the signalling of duty cycle for each neighbour cell, but the signalling overhead could be significantly increased for large number of cells (N) in a CoMP set or a HetNet. On the other hand, Option B can have lower signalling overhead regardless of the number of cells (N) in a CoMP set or a HetNet due to the common duty cycle, but the accuracy of muting signalling could be decreased due to unnecessary muting (=over-muting) or interference (← due to sparse muting).
Option C below is a signalling method with considerations of above two Option’s pros/cons. Option C can have lower signalling overhead regardless of the number of cells (N) in a CoMP set or a HetNet than Option A, and have relatively accurate muting signalling with ‘muting on/off’ for each serving cell’s CSI-RS duty cycle. The signalling method for PDSCH muting in Option C is similar to the one for PRS(Positioning Reference Signal) muting.
Option C: ‘muting on/off’ for each serving cell’s CSI-RS duty cycle (similar to the PRS muting scheme)

- Total signalling bits : Kbits (K=2, 4, 8, or 16)

▪ Kbits → indicates K times of serving cell’s CSI-RS duty cycle; For Kbit bit-map, if the value of each bit is 1/0, the muting is on/off. 
- muting duty cycle → K times of serving cell’s CSI-RS duty cycle (for each serving cell’s CSI-RS duty cycle, the muting is on/off by the value of each bit in Kbit bit-map)

- muting subframe offset = serving cell’s CSI-RS subframe offset

Proposal 1 : With Case A-2 as the baseline for CSI-RS transmission scenario in a CoMP set (or HetNet), the signalling method for muting subframe offset and duty cycle should be either Option A, Option B, or Option C.
- Option A: only signalling of muting duty cycle for each neighbour cell (Total (N-1)∙3bits)

- Option B: only signalling of common muting duty cycle (Total 3bits)

- Option C: ‘muting on/off’ for each serving cell’s CSI-RS duty cycle - similar to PRS muting scheme 

(Total Kbits (K=2, 4, 8, or 16))

(2) Signalling the intra-subframe location of muted PDSCH REs

In RAN1#61-bis meeting, the CSI-RS patterns in intra-subframe were decided as follows,
- Mode 1: FDD and general case for TDD 

▪ For example, in normal CP, 8/4/2 CSI-RS antenna ports – 5/10/20 patterns

- Mode 2: optional case for TDD

▪ For example, in normal CP, 8/4/2 CSI-RS antenna ports – 3/6/12 patterns

Therefore, in normal CP, there are 5/10/20 patterns for 8/4/2 CSI-RS antenna ports in FS1, and total 8/16/32 patterns for 8/4/2 CSI-RS antenna ports in FS2.

1) Option 1 (Tree structure : Muting pattern group – specific muting pattern within muting group)
- Muting pattern group : The muting pattern group is based on CSI-RS patterns for 8 CSI-RS antenna ports. For example in normal CP, there are 5 patterns in FS1, and 8 patterns in FS2 (or 5/3 patterns with separation of Mode 1(general case) and Mode 2(optional case)) → 3bits signalling
- Specific muting pattern within muting group : There are 7 specific muting pattern within muting group. That is, 1 for 8 CSI-RS antenna ports, 2 for 4 CSI-RS antenna ports, and 4 for 2 CSI-RS antenna ports.

 → 3bits signalling
- Total signalling bits : (N-1)∙6bits
2) Option 2 (Directly indicate specific muting pattern)
- Option 2 directly indicates specific muting pattern. For example in normal CP, there are 35 patterns in FS1, and 56 patterns in FS2 (or 35/21 patterns with separation of Mode 1(general case) and Mode 2(optional case)) → 6bits (or 5~6bits) signalling

▪ Total number of patterns is obtained from the sum of CSI-RS patterns for 8, 4, and 2 CSI-RS antenna ports.
- Total signalling bits : (N-1)∙6bits
3) Option 3 (Bit-map based signalling)
- Define muting pattern based on CSI-RS patterns for X CSI-RS antenna ports regardless of the real number of each cell’s CSI-RS antenna ports

- Each bit indicates an individual CSI-RS pattern for X CSI-RS antenna ports

▪ Muting is on/off for individual pattern by the value of each bit. (For example, 1→on, 0→off)

- If X=4, in normal CP, there are 10 patterns in FS1, and 16 patterns in FS2 (or 10/6 patterns with separation of Mode 1(general case) and Mode 2(optional case)) → 10 or 16bits signalling

- If X=2, in normal CP, there are 20 patterns in FS1, and 32 patterns in FS2 (or 20/12 patterns with separation of Mode 1(general case) and Mode 2(optional case)) → 20 or 32bits signalling

- Total signalling bits : 10 or 16bits for X=4, 20 or 32bits for X=2

Option 1 and Option 2 have the same signalling overhead, and there is no big difference in the signalling overhead among 3 options for N=2~4. However, for large N (although it was not a general case except HetNet environment), Option C has lower signalling overhead. Therefore, we have slight preference with Option 3.
In Option 3, if the bit-map is defined based on CSI-RS patterns for 4 CSI-RS antenna ports and neighbour cells transmit CSI-RS for 2 CSI-RS antenna ports, the number of muted REs could be more than the number of neighbour cell’s CSI-RS REs. It causes more negative impact by unnecessary muting (=over-muting). But, if the bit-map is defined based on CSI-RS patterns for 2 CSI-RS antenna ports, we can have accurate signalling for the intra-subframe location of muted PDSCH REs. On the other hand, the signalling overhead could be increased to 32bits from 16bits. The bitmap based on 4 CSI-RS antenna ports is adapted to limit the number of muting configurations. 

However, by separation of two Modes in FS2 (one configuration (→ Mode 1, 20 patterns in normal CP) for FS1, two configuration (→ Mode 1 or Mode 2, 20 or 12 patterns in normal CP) for FS2), the number of muting configuration is limited to 20bits from 32bits with maintaining 2 CSI-RS antenna ports. For this, we can know whether the intra-subframe location of muted PDSCH REs (which is related neighbour cell’s CSI-RS pattern) belongs to Mode 1 or Mode 2 by the serving cell’s CSI-RS pattern mode. Because, the serving cell and neighbour cells in a CoMP set or HetNet have the same CSI-RS pattern mode (if it is not, there could be collision between CSI-RS REs of the cell with Mode 1 and AP5 REs of the cell with Mode 2 (Mode 2 is designed to support AP 5)), and serving cell’s CSI-RS pattern mode could be known by signalled serving cell’s intra-subframe location index. 
Therefore, for normal CP in Option 3, it is more reasonable that the 20 bit bit-map signalling based on CSI-RS patterns for 2 CSI-RS antenna ports with separation of two modes in FS2. With comparison of 16bit bit-map based on CSI-RS patterns for 4 CSI-RS antenna port, there is no big difference of signalling overhead between 16 bits and 20 bits in RRC signalling, but we can have more accurate signalling without unnecessary muting (=over-muting) for the intra-subframe location of muted PDSCH REs.

Proposal 2 : As the signalling method for the intra-subframe location of muted PDSCH REs, in normal CP, we propose the 20 bit bit-map signalling based on CSI-RS patterns for 2 CSI-RS antenna ports with separation of two modes.

(3) Other considerations to support PDSCH muting
 1) Partial muting
Partial muting is proposed in [5][11] to reduce the signalling overhead to support PDSCH muting. There are needs to have further study on the benefit by overhead reduction in time/frequency/spatial domains. If we consider Case A-2 in section 2-(1), to support cells with different duty cycles, the partial muting in time domain can be considered. It can be already supported in Option C. For other partial mutings, we do not find any significant benefit with them.
2) Power usage of muted RE
We think that there are no needs to support further power boosting schemes with multiple-power offset values. The CSI-RS EPRE is constant with independence of the PDSCH muting configuration by re-using the single-power offset value a.  
3) Rate matching for muting
Rate matching around muted REs should be applied because transparent muting provides further performance degradation for Rel-10 UEs as discussed in RAN1#60bis meeting.

3. Conclusion

In this contribution, we discussed the configurations and the signalling methods to support PDSCH muting. Based on this, we propose that 
Proposal 1 : With Case A-2 as the baseline for CSI-RS transmission scenario in a CoMP set (or HetNet), the signalling method for muting subframe offset and duty cycle should be either Option A, Option B, or Option C.
- Option A: only signalling of muting duty cycle for each neighbour cell (Total (N-1)∙3bits)

- Option B: only signalling of common muting duty cycle (Total 3bits)

- Option C: ‘muting on/off’ for each serving cell’s CSI-RS duty cycle - similar to PRS muting scheme 

(Total Kbits (K=2, 4, 8, or 16))

Proposal 2 : As the signalling method for the intra-subframe location of muted PDSCH REs, in normal CP, we propose the 20 bit bit-map signalling based on CSI-RS patterns for 2 CSI-RS antenna ports with separation of two modes.
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