3GPP TSG RAN WG1 Meeting #99	R1-1911914
Reno, USA, November 18 – 22, 2019

Agenda Item:	6.2.4.2
Source:	Huawei, HiSilicon
Title:	Potential enhancement for CAS
Document for:	Discussion and Decision

[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#98bis meeting, the following agreements were made [2] with regard to enhancement for CAS:
Agreement:
For the CFI indication in MIB, use 2 bits to indicate CFI among the following: {notConfigured, 1, 2, 3}
Agreement:
Repetition of legacy PBCH symbols should be defined
· FFS how many repetitions are needed. 
· FFS detailed mapping (e.g. whether RE-level rotation, different mapping for different PCI are necessary) 
· FFS whether interference randomization techniques are necessary until R1#99.

This contribution discusses the potential enhancements for CAS including PDCCH and PBCH.
PDCCH enhancement
PDCCH in CAS is used to schedule MBMS-SIB transmission via PDSCH, and PDCCH needs to be decodable by legacy UEs and Rel-16 UEs supporting broadcast. Therefore, PDCCH enhancement needs to be backwards compatible. AL8 repetition is a straightforward option versus AL16 as AL8 is supported by legacy UEs. Figure 1 illustrates AL8 repetition versus AL16. 
For AL8 repetition, two AL8 span 16CCE in total. One AL8 is processed following the current procedure defined in TS 36.211 and the difference for handling the other AL8 is using a new scrambling sequence that is unknown to the legacy UEs, so that legacy UEs can decode one AL8 that is processed following the current procedure but cannot decode the other AL8 scrambled by a newly defined sequence to avoid legacy UEs obtaining two AL8 with identical SI-RNTI. The new UEs before decoding can combine two AL8 for better performance. In details, the new scrambling sequence can be initialized differently from the one defined in the current TS 36.211, e.g., . 
AL16 was also proposed to enhance PDCCH. In such a case, eNB will treat PDCCH transmission as AL16 but legacy UEs will presume it as AL8 for decoding. Normally legacy UEs cannot decode AL8 if PDCCH is transmitted using AL16 so it does not work for legacy UEs. Even though in some cases there might be possibility that legacy UEs can decode one AL8 when PDCCH is actually transmitted by AL16, special handling needs to be defined additionally to ensure legacy UEs cannot decode the other AL8 in order not to confuse legacy UE of receiving two identical PDCCHs. 
Therefore, comparing two options, AL16 cannot always work but AL8 repetition always works and is a straightforward option. 


[image: D:\1.部门工作\06.专利\06.CAS PDCCH增强\CCE组合16.png]
[bookmark: _Ref23242692]Figure 1: illustration of AL16 versus AL8
Based on the above discussions, the following is proposed:
Proposal 1: AL8 repetition is supported for PDCCH enhancement for CAS. 
· A new scrambling sequence is initialized differently than the one defined in current TS 36.211 for one AL8 processing. 

PBCH enhancement
Number of PBCH repetition
This section addresses the number of PBCH repetitions. For MBMS-dedicated cell, as illustrated in Figure 2, PBCH is transmitted in subframe #0 in the radio frames satisfying SFN mod 4 =0 in periodicity of 160ms and MBMS-SIB1 is transmitted in subframe #0 in the radio frames satisfying SFN mod 8 =0 in periodicity of 160ms. MBMS-SIB13 is also transmitted in subframe #0 but periodicity could be larger than 160ms depending on SIB1 scheduling and in which SFN MBMS-SIB13 is transmitted depends on whether it is scheduled by PDCCH within a SI-window. The worst case is that PBCH, SIB1 and SIB13 are all transmitted in subframe #0 in SFN #0 as illustrated in Figure 2. 
[image: D:\1.部门工作\06.专利\09.PBCH+PDSCH\legacy.png]
[bookmark: _Ref23251950]Figure 2: PBCH and MBMS-SIB1 transmission on MBMS-dedicated carrier

From PDSCH performance evaluations in the companion contribution [3] where PDSCH is of 208 bits counting both SIB1 and SIB13, it was observed that in the MBMS-dedicated cell of 3MHz bandwidth, in order to guarantee the PDSCH performance, PDSCH transmission needs to take the resources of the central 6PRBs that are not occupied by the legacy PBCH, PSS/SSS and CRS. It means PBCH cannot repeat in every CAS subframe at least not in the subframe where SIB1 and SIB13 are transmitted together with PBCH. Alternatively, PBCH can repeat in subframe #0 of SFN #4 and/or SFN #12 as shown in Figure 2 so as to guarantee PDSCH performance in subframe #0 of SFN #0. PBCH performance evaluations in [3] also justified it is not necessary to repeat PBCH in each of CAS subframe given the observation that performance of after combining the legacy PBCH across 4 CAS subframes within a MBMS-SIB periodicity can fulfill the requirements for all evaluated cases. 
As to the bandwidth larger than 3MHz, for the MBMS-dedicated cell, there is no unicast transmission in the CAS subframe anyway, so SIB1 and/or SIB13 can take the available resources spanning the entire bandwidth that are enough to guarantee PDSCH performance. Therefore, in such a case, PBCH can repeat in each of CAS subframes to speed up PBCH decoding. As depicted in Figure 3, PBCH is repeated in subframe #0 in SFN satisfying SFN mod 4 =0 for bandwidth larger than 3MHz and is repeated in subframe #0 in SFN satisfying SFN mod 8 =4 for small bandwidth of 3MHz. 
[image: D:\1.部门工作\06.专利\09.PBCH+PDSCH\增强.png]
[bookmark: _Ref23253590]Figure 3: PBCH repetition in CAS on MBMS-dedicated carrier with large or small bandwidth

Moreover, for the MBMS-dedicated carrier with bandwidth of 1.4MHz which only has 6PRBs in total, so as shown in Figure 2 subframe #0 in SFN #0 and in SFN #8 are the ones for SIB1 transmission as well and SIB13 are likely to be scheduled in subframe #0 in SFN #4 and in SFN #12 for each period of 160ms. Therefore, there are no available resources for PBCH repetitions. 
To summarize the above discussion, the following proposal is given:
Proposal 2: PBCH repetition is specified as following,
· For downlink bandwidth configuration , PBCH is repeated in subframe #0 of SFN satisfying SFN mod 4 = 0.
· For downlink bandwidth configuration , PBCH is repeated in subframe #0 of SFN satisfying SFN mod 8 = 4.
· For downlink bandwidth configuration , PBCH is not repeated.

PBCH repetition mapping
For the subframe as given in proposal 2 where PBCH is repeated, PBCH repetition mapping is discussed in this section. 
PBCH repetition is also defined for LTE-MTC. The PBCH repetition mapping for LTE-MTC in subframe #0 in FDD system is depicted in Figure 4, where symbol indices #7, #8, #9, and #10 are legacy PBCH. Symbol indices #3 and #13 are repetition of symbol #10, and symbols #4, #11 and #12 are repetition of symbols #7, #8 and #9, respectively. 
Such PBCH repetition mapping can be reused for PBCH repetition in CAS subframes without additional spec impact. Interference randomization through randomizing symbol index or phase rotation is not necessary because, even though PBCH is not repeated, combining legacy PBCH across CAS subframes within one periodicity can fulfill the performance requirement as shown in the companion contribution [3]. 
[image: ]
[bookmark: _Ref23255255]Figure 4: PBCH repetition mapping

Proposal 3: For CAS subframe where PBCH is repeated, PBCH repetition mapping is the same as defined for LTE-MTC in subframe #0 in FDD system. 

Conclusions
In this contribution, the enhancements for PDCCH and PBCH are discussed, which lead to the following proposals:
Proposal 1: AL8 repetition is supported for PDCCH enhancement for CAS. 
· A new scrambling sequence is initialized differently than the one defined in current TS 36.211 for one AL8 processing. 
Proposal 2: PBCH repetition is specified as following,
· For downlink bandwidth configuration , PBCH is repeated in subframe #0 of SFN satisfying SFN mod 4 = 0.
· For downlink bandwidth configuration , PBCH is repeated in subframe #0 of SFN satisfying SFN mod 8 = 4.
· For downlink bandwidth configuration , PBCH is not repeated.
Proposal 3: For CAS subframe where PBCH is repeated, PBCH repetition mapping is the same as defined for LTE-MTC in subframe #0 in FDD system. 
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