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1 Introduction

In RAN1 #80 meeting, the following observations were concluded for PBCH RE mapping [1]:
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 

In this contribution, further considerations on PBCH mapping, especially how to handle possible collision with CSI-RS, are provided.

2 Potential REs for CSI-RS transmission
As the nesting structure is used for the patterns of CSI reference signals on one, two, four and eight antenna ports, the number of REs occupied by CSI-RS transmission within one PRB can be calculated based on CSI-RS configurations of eight antenna ports.
2.1 FDD

According to [2], five (or four) CSI reference signal configurations are provided when CSI reference signals are transmitted on eight antenna ports for normal CP (or extended CP).

The figure below illustrates the REs, in green, which could be occupied by CSI-RS on eight antenna ports in FDD for normal CP. As shown in the figure, at most 40 REs could be used by CSI-RS transmission in this scenario. Similarly, at most 32 REs could be used by CSI-RS transmission in FDD for extended CP according to [2].
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Figure 1: Possible REs occupied by CSI-RS transmission, FDD, Normal CP
2.2 TDD

According to [2], in TDD, eight (or seven) CSI reference signal configurations are provided when CSI reference signals are transmitted on eight antenna ports for normal CP (or extended CP).

The figure below illustrates the Res, in green, which could be occupied by CSI-RS on eight antenna ports in TDD for normal CP. As shown in the figure, at most 48 REs (assuming four CRS antenna ports) could be used by CSI-RS transmission in this case. Similarly, at most 52 REs (assuming four CRS antenna ports) could be used by CSI-RS transmission in TDD for extended CP according to [2].
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Figure 2: Possible REs occupied by CSI-RS transmission, TDD, Normal CP
3 Collision of CSI-RS REs on the REs of PBCH enhanced transmissions
The current specification requires the UE to exclude some CSI-RS configurations considering the transmission of legacy synchronization signals or legacy PBCH [2].
The UE shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of synchronization signals or PBCH.
Further, the current specification requires the UE to exclude some subframes of CSI-RS transmission considering special subframe, SIB1 transmission and Paging transmission.

The UE shall assume that CSI reference signals are not transmitted

-
in the special subframe(s) in case of frame structure type 2,

-
in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages,

-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration.
Considering above mechanisms for CSI-RS transmission, Table 1 and Table 2 summarizes the colliding ratio of REs for possible CSI-RS transmission on the available REs (excluding REs for CRS, legacy control region and synchronization signals) of PBCH repetition transmission on different transmission subframes for FDD and TDD, respectively.

Table 1: Ratio of REs of CSI-RS transmission on the available REs of PBCH repetition transmission, FDD
	
	FDD

	
	SF 0 (non paging subframe)
	SF 5 in odd frame (non paging subframe )
	SF 4 (non paging subframe)
	SF 9 (non paging subframe)
	SF 0 (paging subframe)
	SF 5 (paging subframe or in even frame)
	SF 4 (paging subframe)
	SF 9 (paging subframe)

	Normal CP
	8.7 %

(8/92)
	34.8%

(32/92)
	34.5%

(40/116)
	34.5%

(40/116)
	0%
	0%
	0%
	0%

	Extended CP
	23.5%

(16/68)
	23.5%

(16/68)
	34.8%

(32/92)
	34.8%

(32/92)
	0%
	0%
	0%
	0%


Table 2: Ratio of REs of CSI-RS transmission on the available REs of PBCH repetition transmission, TDD
	
	TDD

	
	SF 0
	SF 5 in odd frame
	SF 1
	SF 0 (paging subframe)
	SF 5 (paging subframe or in even frame)
	SF 6 (paging subframe or special subframe)

	Normal CP
	7.7 %

(8/104)
	38.5%

(40/104)
	0%
	0%
	0%
	0%

	Extended CP
	20%

(16/80)
	45%

(36/80)
	0%
	0%
	0%
	0%


· As seen from the tables, no CSI-RS colliding issue when PBCH repetition is transmitted in paging subframes, SF 5 of even radio frame and special subframes. 
Observation 1: There is no CSI-RS collision issue when PBCH repetition is transmitted in paging subframes, SF 5 of even radio frame and special subframes.
Observation 2: For subframes other than paging subframes, SF 5 of even radio frame and special subframes:

· The ratio of REs of CSI-RS transmission on the available REs of PBCH enhanced transmission is low in subframe 0. 

· The ratio of REs of CSI-RS transmission on the available REs of PBCH enhanced transmission is ranges from 20% - 45% in other subframes.

4 Performance impact of CSI-RS on PBCH
In this section, the performance impact of CSI-RS on PBCH transmission is simulated based on different receiver processing methods. 
Alt 1: PBCH reception without any CSI-RS transmission, which can be regarded as baseline (or ideal) performance.

Alt 2: PBCH reception with puncturing on the REs of CSI-RS transmission. 

Alt 3: PBCH reception with rate matching on the REs of CSI-RS transmission.
Alt 4: PBCH reception without any handling on the REs of potential CSI-RS transmission. For Alt 4, an eNB punctures PBCH transmission on the REs of CSI-RS, but an MTC UE shall assume PBCH is still transmitted on the REs allocated for CSI-RS.
To simplify the simulation, we regard the legacy PBCH transmission as Alt 1, and mimic a certain ratio CSI-RS REs on legacy PBCH transmission to observe the performance impact. We assume 22.5% REs of legacy PBCH transmission will be collided with CSI-RS for Alts 2-4, which approximately corresponds to the ratio of REs of CSI-RS transmission on all available REs of PBCH repetition transmission on subframe 0 and subframe 5 for FDD and normal CP (assuming CFI=3). 
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Figure 3: PBCH performance for Alternatives 1-4.
As seen from Figure 3, the performance of PBCH transmission with CSI-RS puncturing is essentially the same as that of PBCH transmission with rate matching. Compared to the no CSI-RS baseline, there is a 2.3 dB performance loss from allowing CSI-RS interference (Alt. 4). If either PBCH puncturing or rate-matching is used (Alt 2 or 3), the loss reduces to 1 dB.
5 Solutions for handling collision of CSI-RS and PBCH

From simulation results, we see that it is beneficial to avoid collision of PBCH and CSI-RS. We discuss three options.

Option 1: PBCH can be repeatedly transmitted on paging subframes.

As analyzed in section 3, there is no CSI-RS collision issue when PBCH repetitions are transmitted in paging subframes. Therefore, PBCH can be repeatedly transmitted on paging subframes to avoid possible collision with CSI-RS. 
Option 1 is simple, and can be transparently supported in the current specification. However, option 1 may restrict the configuration of paging subframes for the network. However, since PBCH needs enhanced transmission, the paging message should also need enhanced transmission. Therefore, the network can configure subframes 0, 4, 5, 9 for FDD and subframes 0, 1, 5, 6 for TDD as paging subframes in the case of coverage enhancement. Thus, the restriction of configuring paging subframes for the network arising from avoiding CSI-RS collision with PBCH would be largely alleviated.
Option 2: PBCH can be repeatedly transmitted with puncturing on the REs of possible CSI-RS transmission.
As simulated in section 4, there is about 1.3 dB performance improvement with CSI-RS puncturing compared to allowing CSI-RS interference. Therefore, PBCH transmission with CSI-RS puncturing is worth considering to handle the collision of CSI-RS.
Option 3: PBCH can be repeatedly transmitted with rate matching on the REs of possible CSI-RS transmission.

As simulated in section 4, there is about 1.3 dB performance improvement with rate matching compared to allowing CSI-RS interference. Therefore, PBCH transmission with rate matching can be worthwhile to handle the collision of CSI-RS. Compared to option 2, option 3 is slightly preferred due to the same methodology adopted in the current specification. 
Proposal 1: PBCH can be repeatedly transmitted on paging subframes due to no CSI-RS issue on the paging subframes. 

Proposal 2: PBCH transmission with rate matching can also be considered to alleviate restriction on paging subframe configuration. 
6 Conclusions
In this contribution, further considerations on PBCH mapping are given, and the following observations and proposals are provided.

Observation 1: There is no CSI-RS collision issue when PBCH repetition is transmitted in paging subframes, SF 5 of even radio frame and special subframes.

Observation 2: For subframes other than paging subframes, SF 5 of even radio frame and special subframes:

· The ratio of REs of CSI-RS transmission on the available REs of PBCH enhanced transmission is low in subframe 0. 
· The ratio of REs of CSI-RS transmission on the available REs of PBCH enhanced transmission is ranges from 20% - 45% in other subframes.
Proposal 1: PBCH can be repeatedly transmitted on paging subframes due to no CSI-RS issue on the paging subframes. 

Proposal 2: PBCH transmission with rate matching can also be considered to alleviate restriction on paging subframe configuration.
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