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1 Introduction

The agreements about which subframes are used for PBCH repetition were achieved at RAN1#81:
Agreements:
· Confirm working assumption of option 3-A for TDD for PBCH repetition
· The other subframe for PBCH repetition is:

· Subframe #9 for FDD

· Subframe #5 for TDD
· PBCH repetition for 1.4 MHz TDD/FDD system is not supported

· FFS: For MTC SIB1 transmission, subframes #1 and #6 are used

The follow-up question is how to map MIB onto the available resources. The definition as below for the available resources was agreed at RAN1#80:
Agreements:
· In subframes where PBCH repetition occurs, available REs in PRB pairs containing MIB are used for PBCH

· Available REs are REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS

· Handling of possible collision with CSI-RS in these PRB pairs is FFS

· Rel-13 low complexity MTC UE assumes the legacy control region is set to 3 OFDM symbols

· Working Assumption: RE mapping for FDD and TDD are different in at least SF#0

· NOTE: The PBCH repetition may not be an integer
This contribution discusses the collision issue between CSI-RS and PBCH repetitions and the solutions. In addition, based on the above agreements, details for the PBCH repetition mapping over subframes and radio frames are analyzed in this paper.
2 Collision between CSI-RS and PBCH repetition
It is known that UE shall assume no CSI-RS in the special subframes for TDD, in subframes for the legacy SIB1 transmission, in the paging subframes configured by eNB, nor CSI-RS corresponding to a CSI-RS configuration in subframes where CSI-RS collides with PSS/SSS or the legacy PBCH [1]. 
There is no collision between CSI-RS and PBCH repetition, if subframes {0, 5} for TDD and {0, 9} for FDD are always configured as paging subframes. Otherwise, collision may happen and needs to be solved. 
2.1 Solutions for the collision issue
There are three options can be considered:

· Option 1: Subframes {0, 5} for TDD and {0, 9} for FDD are always assumed by UE to be configured without CSI-RS.

· Option 2: PBCH repetition is punctured on the REs of CSI-RS.

· Option 3: PBCH repetition is rate matched around REs of CSI-RS.

2.2 Performance evaluations
Assuming the number of REs occupied by CSI-RS transmission within one PRB is calculated on basis of CSI-RS configurations of eight antenna ports and defining the available REs as excluding REs for CRS, legacy control region and synchronization signals, then the ratio of REs for possible CSI-RS transmission over all available REs for FDD and TDD are summarized in Table 1. It is observed that the ratio is the lowest in subframe 0 and can be up to 45% for extended CP in TDD. 
Table 1: Ratio of REs for CSI-RS transmission over all available REs

	
	FDD
	TDD

	
	Subframe 0
	Subframe 9 
	Subframe 0
	Subframe 5 in odd frame

	Normal CP
	8.7 %  (8/92)
	34.5%  (40/116)
	7.7 %  (8/104)
	38.5%  (40/104)

	Extended CP
	23.5% (16/68)
	34.8%  (32/92)
	20% (16/80)
	45%  (36/80)


Note: subframes 0, 9, and 5 are assumed to be non paging subframes. 
Simulation is performed on the legacy PBCH transmission to evaluate the performance differences for the above three options, where assuming 22.5% REs of legacy PBCH collides with CSI-RS, which approximately corresponds to the ratio of collision on subframes #0 and #9 for FDD normal CP (assuming CFI=3). The performance comparison is illustrated in Fig. 1.
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Fig. 1: Performance comparison among options for the collision issue
Note in Fig. 1:

Alt 1: PBCH performance with no CSI-RS collision, which can be regarded as baseline (or ideal) performance.

Alt 2: PBCH is punctured on the REs of CSI-RS. 

Alt 3: PBCH is rate matched around REs of CSI-RS.

Alt 4: PBCH is punctured on the REs of CSI-RS at eNB, but UE assumes no CSI-RS collision.

It is observed from the simulation that the puncturing (Option 2) basically makes the same performance as the rate matching (Option 3). Comparing to the ideal performance of no CSI-RS (Option 1), there is about 1dB loss for puncturing or rate matching, but the performance loss is about 2.3dB when it is punctured at eNB but UE assumes no CSI-RS. Although Alt2/3 has only 1.3dB gain over Alt 4, Alt2/3 is still worth to consider as it can be estimated from [2] that 1dB performance gain can reduce about 25% repetition times to meet the coverage enhancement of 15dB. Note that 22.5% ratio of REs for CSI-RS transmission over all available REs is used to evaluate the average case. If the ratio is larger than 22.5%, e.g., in subframe 9 for FDD and subframe 5 for TDD as in Table 1, the performance gain is envisioned to be larger. 
On resolving the CSI-RS collision issue, rate matching is slighted preferable comparing to puncturing, as rate matching around CSI-RS is already adopted by the current specification. 

Proposal 1: Rate matching is preferable to solve the collision between CSI-RS and PBCH repetition. 
3 PBCH repetition mapping

In subframes where PBCH repetition occurs, available REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS in the center 6 PRBs are all used for PBCH, so the PBCH repetition in a subframe may not be integer.

Subframe #0 is used for PBCH repetition in both FDD and TDD, but the PBCH repetition mapping will be different when using all available REs due to different system specific resource occupancies of PSS/SSS. Specifically, the PBCH repetition mapping in subframes #0 and #5 for TDD is illustrated in Fig. 2, and in subframes #0 and #9 for FDD is illustrated in Fig. 3, respectively. Note that no CSI-RS is assumed in Fig. 2 and Fig. 3, if there is CSI-RS the REs on which PBCH repetition will be punctured and replaced by CSI-RS or around which PBCH repetition will be performed rate matching. 
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Fig. 2: PBCH repetition mapping in subframes #0 and #5 for TDD normal CP 
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Fig. 3: PBCH repetition mapping in subframes #0 and #9 for FDD normal CP

It is observed from Fig. 2 and Fig. 3 that the PBCH repetition in each subframe is non-integer, and the mapping in the second subframe is continuing from the last subframe, which can obtain as many integer repetitions as possible to benefit decoding performance. 
In addition, considering that UEs would blindly decode the PBCH repetition bursts by sliding the reception window according to the radio frame boundary, it is beneficial to keep the RE mapping of the PBCH repetitions per radio frame the same. Hence, the rate matching per radio frame could be performed over all the available REs of all candidate subframes. 

Proposal 2: If PBCH repetition is not an integer in the first candidate subframe, the mapping in the second candidate subframe is continuing from that in the first candidate subframe for each radio frame.
Proposal 3: Keep the PBCH repetitions mapping the same across radio frames.

4 Conclusions

Solutions for the issue of collision between CSI-RS and PBCH repetition are discussed and simulation is provided to compare the performance differences of solutions. Moreover, if all available resources in each subframe are used for PBCH repetition, the specific PBCH repetition mapping manners are analyzed in this contribution, which leads to the following proposals:

Proposal 1: Rate matching is preferable to solve the collision between CSI-RS and PBCH repetition. 

Proposal 2: If PBCH repetition is not an integer in the first candidate subframe, the mapping in the second candidate subframe is continuing from that in the first candidate subframe for each radio frame.
Proposal 3: Keep the PBCH repetitions mapping the same across radio frames.
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