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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #83 meeting, a new work item, i.e., LTE-based 5G terrestrial broadcast was approved [1]. One of its objectives is as follows:
· Specify, if found necessary, enhancements to the physical channels and signals in the CAS [RAN1, RAN4]
· This objective includes determining a realistic modelling for the time variation of the desired and interfering signals (e.g. a model between the 50%/50% and 50%/1%), and identifying based on the modelling what channels and signals (if any) need to be enhanced.
· For the specified enhancements (if any), specify related RRM core requirements (if needed) [RAN4]

In RAN1#98 meeting, for the CAS evaluation, the following agreements are made [2]:
Agreement:
The 99th percentile should be used for the target location availability of the CAS
Agreement:
PDCCH reception in CAS is enhanced by specifying CFI indicated in MBMS-dedicated MIB and one of the following: 
· Aggregation level 16
· Repetition of aggregation level 8, e.g. time/frequency domain repetition
· Note: Only one of the above options can be supported
Agreement:
Enhance PBCH reception with the provision of additional REs for PBCH, e.g., PBCH repetition.
· FFS: Details for PBCH repetition

This contribution discusses the potential enhancements for CAS.
Discussion on enhancements
[bookmark: _Ref7516065]CFI assignment 
It was agreed that PDCCH reception in CAS is enhanced by specifying CFI indicated in MIB. If a UE is configured with higher layer parameters e.g., semiStaticCFI-SubframeCAS, the UE shall assume the CFI is equal to the value of the higher layer parameters semiStaticCFI-SubframeCAS for CAS subframes; otherwise the UE should decode PCFICH to obtain CFI.
Since the PDCCH in CAS is located in the common search space, the number of symbol used for PDCCH transmission is usually not many. The values for semiStaticCFI-SubframeCAS could be 1, 2 and 3.
Proposal 1: If a UE is configured with higher layer parameters semiStaticCFI-SubframeCAS, the UE shall assume the CFI is equal to the value of the higher layer parameter semiStaticCFI-SubframeCAS for CAS subframes, otherwise the UE shall decode PCFICH to get CFI.
Proposal 2: The values for the parameter semiStaticCFI-SubframeCAS in MBMS-dedicated MIB can be 1, 2, or 3.
PDCCH enhancement
The other enhancement agreed for PDCCH is to select between aggregation level 16 and repetition of aggregation level 8. 
As shown in Figure 1, PDCCH is transmitted with AL16. For new UE, it is able to detect the PDCCH with AL16. However for legacy UE that does not have the ability to detect PDCCH with AL16, if the UE detect the PDCCH with AL8, the first half part of the 16 CCEs may be detected but not always decodable, i.e., the CCEs with index from 0 to 7 can be detected by the legacy UE. As the legacy UE cannot identify the starting position of bit collection for second half part of the 16 CCEs, the CCEs with index from 8 to 15 cannot be detected by the legacy UE. If the PDCCH is transmitted with AL8, the legacy UE can detect two candidate AL8. 

[image: ]
[bookmark: _Ref19720658]Figure 1: Example for AL16

We propose an enhancement scheme that PDCCH with AL8 in common search space can be transmitted twice, as illustrated in Figure 2. The required SNR for 1% BLER for PDCCH repetition for new UE will be decreased by nearly 3 dB theoretically, and the legacy UE can detect the two PDCCH candidates with AL8 independently. The simulation results of required SNR for 1% BLER for PDCCH with AL8, AL16 and proposed PDCCH repetition with two AL8 can be found in [3].
[image: ]
Figure 2: Example for repetition of AL8
Based on the above discussions, the following are proposed:
Proposal 3: Repetition of aggregation level 8 is supported for PDCCH enhancement in CAS.

PBCH enhancement
The simulation results of PBCH for 99th percentile can be found in the companion contribution [4], where it is observed that PBCH with 4TTI combination can fulfill the requirements for all evaluated cases the delay of 160 ms. It was agreed to enhance PBCH reception with the provision of additional REs for PBCH, e.g., PBCH repetition in order to decrease the PBCH reception delay.
[bookmark: _GoBack]eMTC feature specified one PBCH repetition in the legacy PBCH subframe and the other repetition in one additional subframe. For example, additional subframe #9 and subframe #0 include PBCH repetitions for FDD; additional subframe #5 and subframe #0 include PBCH repetitions for TDD. For dedicated carrier used for broadcast, there is a CAS subframe per 40ms, so where the PBCH will repeat would be different from PBCH repetition in eMTC feature. In addition, how many repetitions are needed also needs to consider PDSCH performance for the 99th percentile target location availability. 
Proposal 4: How many PBCH repetitions are needed for CAS needs to take into account the performance of PDSCH for 99th percentile target location availability.

Conclusions
In this contribution, PBCH enhancement, CFI assignment enhancement and PDCCH enhancement with repetition of AL8 are discussed, and the following proposals are made:
Proposal 1: If a UE is configured with higher layer parameters semiStaticCFI-SubframeCAS, the UE shall assume the CFI is equal to the value of the higher layer parameter semiStaticCFI-SubframeCAS for CAS subframes, otherwise the UE shall decode PCFICH to get CFI.
Proposal 2: The values for the parameter semiStaticCFI-SubframeCAS in MBMS-dedicated MIB can be 1, 2, or 3.
Proposal 3: Repetition of aggregation level 8 is supported for PDCCH enhancement in CAS.
Proposal 4: How many PBCH repetitions are needed for CAS needs to take into account the performance of PDSCH for 99th percentile target location availability.
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