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1. Introduction

In RAN1 #61 bis meeting, the conclusions on CSI-RS patterns were agreed in R1-104263.

In this contribution, we give our views on how to avoid CSI-RS collision with PBCH and synchronization signals in TDD system based on last meeting conclusions.
2. Background
As we all know that PBCH, PSS, SSS occupy 6 PRBs in the middle of the whole bandwidth. In this case, as shown in Fig.1 and Fig.2, the CSI-RS pattern in normal subframe will collide with PBCH signal in {#8, #9, #10} OFDM symbols for normal CP and {#7, #8} for extended CP. In addition, the last OFDM symbol is also occupied by SSS. It is necessary to deal with the collision for these subframes.
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Fig.1 Effect on CSI-RS pattern for FS 2 only in PBCH, SSS subframe
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Fig.2 Effect on CSI-RS pattern for both FS 1 and FS 2 in PBCH, SSS subframe

3. Discussion on CSI-RS for TDD subframe allocation
In this contribution, two solutions will be given to avoid the collision with PBCH and synchronization signal. 
Option 1: Avoiding collision with PBCH and SSS by scheduling. 
Table 1.  Uplink-downlink configurations
	Uplink-downlink configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	6
	5ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


In the option, the subframe 0 is forbidden to transmit CSI-RS if PBCH is transmitted in the subframe. In this situation, the available subframes for CSI-RS are shown in Table 1 with grey back ground. 

There are enough subframes to be scheduled to avoid collision when the periodicity of CSI-RS is the multiple of 10ms. If the UE is in moderate or high mobility environments, the CSI-RS with 5ms periodicity will be employed to track the channel variety and improve the accuracy of the channel measurement. The simulation result of CSI-RS period versus channel estimation MSE has been shown in [4], it is seen that the MSE difference between 5ms and 10ms periodicity is about 2dB with various user mobility speed. So it is necessary to consider 5ms CSI-RS in some scenarios.  
Nevertheless, for configuration 0, 3, and 6, no subframes can be used to carry the CSI-RS in the first half radio frame when subframe 0 is forbidden as described in Table 1 with red back ground. These TDD configurations can not support odd times of 5ms CSI-RS periodicity if the special subframe (DwPTS) is not considered. 
To support the odd times of 5ms periodicity in option 1, it is possible to consider DwPTS subframe to transmit the CSI-RS information [2]. DwPTS with 9/10 and 11/12 OFDM symbols has sufficient REs to allocate CSI-RS. However, DwPTS with 3 OFDM symbols has no available REs due to control region in first 2 symbols and PSS signal in the third symbol. 

Option 2: Avoiding collision with PBCH and SSS by changing the CSI-RS pattern in collision position.
Considering the collision with PBCH and SSS, the CSI-RS are dropped in {#8, #9, #10, #12} OFDM symbols with normal CP. As a result, only {#5, #6} symbols can be used to allocate the CSI-RS. Similarly, only {#4, #5} can be used to allocate the CSI-RS symbols for extended CP.
Consequently, the CSI-RS pattern can be designed as following: 
· Fig.3 is CSI-RS pattern for normal CP in case of coexisting with PBCH and SSS; 

· Fig.4 is CSI-RS pattern for extended CP in case of coexisting with PBCH and SSS.
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Fig.3 CSI-RS pattern for normal CP in PBCH, SSS subframe
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Fig.4 CSI-RS pattern for extended CP in PBCH, SSS subframe

It is observed that the reuse factor decreases due to the effect of PBCH and SSS.
It is noticed that the 5ms CSI-RS is always applied for moderate or higher mobility scenarios, so the 8 ports CSI-RS may be seldom appeared in this case. The 2 ports CSI-RS pattern is more frequently appeared in PBCH subframes than 4, 8 ports CSI-RS. So the reuse factor limited in CSI-RS patterns for 4 and 8 ports are not the primary issue in this case.
Especially, if the pattern in slide 2 of [3] is employed, there are no REs to be utilized to carry the CSI-RS information when the collision occurs. In this case, a combined pattern can be considered to deal with the problem. It is worthwhile to take advantage of CSI-RS pattern shown in Fig.3 and Fig.4. Namely, in the central 6 PRBs, the CSI-RS pattern is fixed in Fig.3 and Fig.4, meanwhile, in the other PRBs, the CSI-RS is transmitted with pattern shown in slide 2 of [3] as usual. The CSI-RS can be set as static configuration to support this proposal. 
4. Conclusion

In this contribution, two solutions are discussed to deal with the CSI-RS collision with PBCH and synchronization signals:
Option 1：CSI-RS is allowed to transmit in any subframe except subframe 0 with PBCH and SSS.
Option 2：CSI-RS is allowed to transmit in the subframes with PBCH and SSS.

When the CSI-RS periodicity is the multiple of 10ms, both option 1 and option 2 can solve the collision problem. When CSI-RS periodicity is odd times of 5ms, only option 2 can work efficiently for TDD system. 
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