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1. Introduction 
In the last RAN WG1 Meeting #86bis, the following agreement and working assumption on the synchronization and system information acquisition were made [1].

	Agreements:
For synchronization and acquisition of system information on FeMBMS carrier: 
· For <100% MBSFN subframes the legacy sync and SI acquisition proceedures are reused based on subframe #0 and #5 

Working Assumption: 
For synchronization and acquisition of system information on FeMBMS carrier: 
· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, CAS Cell Acquisition Subframe 
· To be confirmed or revisited at RAN1#87, including:
· CAS performance (including synchronization performance and link level performance of PDCCH and PDSCH), and capacity analysis, based on the definitions below should be evaluated to the next meeting; details of SI transmission in different system bandwidths should also be provided. 
· Consideration of FDM as an additional mode of operation if all the details (i.e. design, guard band size, specification impact, UE implementation impact analysis) and evaluations showing clear performance benefit (considering the performance targets) are presented at the next meeting
· CAS supports PSS, SSS, CRS, PBCH, PDCCH, PDSCH (SI)
· CAS is always transmitted  in subframe #0  with a period of 40ms
· MIB is provided by PBCH in every CAS
· The MIB transmitted in SFN mod 4 = 0 and can change only in SFN mod 16 = 0 and contains systemFrameNumber equal to the 6 most significant bits of the SFN
· SI is provided by PDSCH in CAS 
· A first SI that may also contains scheduling of further SI is transmitted in SFN mod 8 = 0  and can change only in SFN mod 16 = 0 
· This first SI may be a combination of SIBs, up to RAN2 agreements.
· MCCH change notification and SI modification notification are sent in PDCCH region of the CAS.
· FFS if from RAN1 perspective, it is feasible to transmit muiltiple SI messages in the same subframe by using different RNTIs. RAN2 may consider if this may be used.
· Inform RAN2 that SI modification notification can be conveyed to the UE with Direct Indication signalling.
· FFS enhancements on DCI to indicate larger allocation 

Note that this Working Assumption is not based on complete performance evaluations. Complete performance evalutions are to be used in deciding whether to confirm or modify the working assumption at RAN1#87.




In this contribution, potential enhancements for the reception of the Cell Acquisition Subframe (CAS) are discussed.
2. Motivation
In the last RAN1 #86bis, it was agreed that for less than 100% MBSFN configuration, the legacy synchronization and the system information acquisition procedures are reused based on subframe #0 and #5. In other words, PBCH is transmitted in the legacy way as depicted in Figure 1 (a), i.e., PBCH transmission period of 10 ms and MIB refresh period of 40 ms. As depicted in Figure 1 (b), for the case of 100% MBSFN subframe configuration, it is the current working assumption that PBCH is transmitted in CAS such that PBCH transmission period is 40 ms and MIB refresh period is 160 ms. 
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Figure 1. PBCH transmission periodicity for less than 100% and 100% MBSFN configurations

Thus, it is apparent that the system information acquisition delay for 100% MBSFN configuration case will be four times longer than the case of less than 100% MBSFN configurations. 
On the other hand, before acquiring the system information, a UE is ignorant about the MBSFN configuration whether it is 100% or less than 100%. Thus, the UE has to assume two possible PBCH transmission periodicity, as in Figure 1 (a) and Figure 1 (b), during the initial cell attachment. This will increase the UE complexity in terms of the number of hypothesis testing for detecting PBCH especially when the UE fails decoding with single shot and has to perform PBCH combining. 
Ultimately, if we keep the CAS periodicity to be equal to the legacy PBCH transmission, the PBCH acquisition delay and the UE complexity would not be impacted. However, this will increase the CAS overhead from 2.5% to 10% for the case of 100% MBSFN configuration. 
Observation 1: An enhancement to the PBCH reception in CAS for the case of 100% MBSFN configuration would be necessary. 
3. Potential Enhancements
As a prerequisite, the proposed options in this section either assume that 1.4 MHz system bandwidth is not supported as a FeMBMS carrier or are not applicable for 1.4 MHz system bandwidth. Please refer to our companion contribution for the relevant discussion on the supported system bandwidth for FeMBMS carrier [2]. 
3.1. Alternative 1: PBCH repetition mapping
The proposed PBCH repetition option is in essence similar to the Release 13 eMTC design for PBCH repetition mapping for FDD extended CP case. Note that it is understood that CAS will be transmitted with 15 kHz subcarrier spacing with legacy extended CP. 
The difference with the Release 13 eMTC design is that the eMTC has four times repetition mapping spanning over two subframes. Due to three symbol PDCCH and two symbols for PSS/SSS, even two times repeated PBCH mapping cannot be confined within a subframe. However, for the case of 100% MBSFN configuration, extending the CAS to occupy more than one subframes will only result in a wastage of the FeMBMS carrier resource especially for the case of wide system bandwidth. Thus, it is proposed that two times repetition within one CAS subframe is proposed by limiting the PDCCH region to the first two symbols as depicted in Figure 2. This number of symbols for PDCCH would not restrict the system operation as there is no unicast data to be transmitted on FeMBMS carrier with 100% MBSFN configuration and, thus, low control overhead is expected.    
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Figure 2. PBCH repetition within CAS

Proposal 1: Two times repetition mapping is applied for PBCH in CAS with additional symbols #2, #3 in slot 0 and #4, #5 in slot 1. 

3.2. Alternative 2: PBCH symbol extension 
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Figure 3. PBCH symbol extension within CAS
In the legacy PBCH transmission, after performing CRC attachment/channel coding/rate matching, 1728 bits are generated for extended CP, which is 192 bits smaller than that for normal CP due to less number of REs available for PBCH on the fourth PBCH symbol due to CRS. It is then scrambled/QPSK modulated/layer mapped and precoded and, then, transmitted over four transmission occasions. 
With extended PBCH, more bits can be generated during the circular buffer rate matching process, which lowers the effective code rate. For instance, if PBCH is extended to 5 symbol with the inclusion of symbol 4 in slot 1, 576 more bits can be generated during the rate matching, which results in total 2304 bits. If PBCH is extended to 6 symbols with the inclusion of symbol 4, 5 in slot 1, total 2880 bits can be generated during the rate matching. 2880 bits are exactly equal to the 24 times repetition of the 120 bits of the TBCC output. When 2880 bits are transmitted over four transmission occasions, each PBCH transmission contains 6 times repetition of the 120 TBCC coded bits. If PBCH is extended to 7 symbols with the inclusion of symbol 3 in slot 0 and symbol 4, 5 in slot 1, total 3264 bits can be generated during the rate matching. The code rate of the 7 symbol PBCH would be 0.52 with respect to legacy PBCH transmission.  
The following Figure 4 shows some sample evaluation results on the proposed PBCH extension scheme. For 5 symbol PBCH, symbol 4 in slot 1 is additionally used. For 6 symbol PBCH, symbol 3 in slot 0 and symbol 4 in slot 1 are additionally used. For the evaluation, PBCH is transmitted with 2x2 transmit diversity mode over EPA-5GHz channel.
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Figure 4. BLER performance of extended PBCH
  
It is expected that the performance gain of Proposal 1 (two times repetition mapping) would be marginal compared to the 7 symbol PBCH as it only has the effect of slightly further lowering the effective code rate by using one more symbol.
On the other hand, one benefit of 7 symbol extended PBCH compared to Proposal 1 is that it does not restrict the PDCCH region. 
Proposal 2: PBCH in CAS is extended to 7 symbol occupying symbol 3 in slot 0 and symbol 0-5 in slot 1. 




4. Conclusions
In this contribution, potential enhancements for the reception of the PBCH in CAS were discussed and the following observations and alternative proposals were made. 
Observation 1: An enhancement to the PBCH reception in CAS for the case of 100% MBSFN configuration would be necessary. 
Proposal 1: Two times repetition mapping is applied for PBCH in CAS with additional symbols #2, #3 in slot 0 and #4, #5 in slot 1. 
Proposal 2: PBCH in CAS is extended to 7 symbol occupying symbol 3 in slot 0 and symbol 0-5 in slot 1. 
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(a) PBCH transmission for less than 100% MBSFN configuration 

(b) PBCH transmission for 100% MBSFN configuration with CAS 
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