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1. Introduction

In the last RAN1 meeting, RAN1#88b, it was concluded that the discussion on time index indication signaling should be finalized in the RAN1#89 meeting. In this contribution, we’d like to present our consideration on SS block (SSB) time index indication. 
The relevant agreements of RAN1#88b on both NR-SS and NR-PBCH were achieved as follows [1]:
	Agreements:
· SS burst set periodicity default value for initial cell selection: 20/20 msec 
· PBCH TTI: 80 msec

· Time index indication: PBCH conditioned that mobility and HO related requirements can be met

· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements

· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

Agreements:

· RAN1 strives to supports combining NR-PBCH

· The different options to be considered:

–
Across SS Burst Set

–
Within SS Burst Set 

–
Within subset of an SS burst set, e.g. within an SS burst, within  a number of slot(s) etc.
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block (Working assumption)
· FFS: deactivated cell case (if defined)


2. Discussion
According to the agreements in RAN1#88bis meeting, PBCH will be used for time index indication if there is no problem to meet mobility and HO related requirements. In this contribution investigate how to indicate the SSB index via the PBCH. 
The PBCH TTI has been agreed to be 80ms. This may imply that the PBCH payload cannot be changed within a PBCH TTI duration. Therefore the time index of an SSB would needs to be indicated in an implicit way. 
As illustrated in Figure 1, in the case of the default periodicity of SS burst set, i.e. 20ms, the number of SSB in an SS burst set is assumed to be 64. SSB time index information could be indicated via some property of the PBCH signal such as scrambling code. As a worst case the UE would be required to attempt blind decoding for every possible hypothesis for the starting position of the SS burst set. This is a significant blind decoding load compared to LTE for example.   
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Figure 1: Example of SS burst set transmission within a PBCH TTI
Observation 1: Implicit indication of SSB time index via PBCH could introduce pretty high complexity of blind decoding.
If the PBCH payload can be changed during the PBCH TTI duration, explicit indication of SSB time index via PBCH could be an alternative way. But the disadvantage of this method is two-fold, on the one hand, the PBCH overhead becomes larger than that in implicit indication method. On the other hand, supporting PBCH combining within an SS burst set, when PBCH payloads in different SSBs are different, will be very difficult, if not impossible. But PBCH combining in the multi-beam case is especially beneficial, since by doing so PBCH decoding performance will be improved significantly, which will correspondingly reduce the chance of UE missing a PBCH. In one extreme case, if the SS burst set periodicity is configured to be 80ms, the UE may receive a SSB every 80ms. If PBCH decoding failed, the UE would wait for another 80ms, which is significantly greater than 5ms possible in LTE. In this case, it’s important to improve PBCH decoding performance within an SS burst set. 

Observation 2: PBCH combining within an SS burst set may be necessary in multi-beam case. However, it would be difficult to support such combining if SSB index is indicated explicitly via PBCH payload.
As already mentioned above, neither implicit indication by PBCH, nor explicit indication by PBCH appear to be attractive. In order to alleviate the complexity of PBCH blind decoding and support PBCH combing within an SS burst set as well, we consider two alternative solutions.

· Alt. 1: Joint indication of SSB index via PBCH payload and PBCH scrambling code
If the PBCH payload can change within a PBCH TTI, as a trade-off of reducing complexity of blind decoding and supporting of PBCH combining, joint indication of SSB index could be supported. For example, SSBs within an SS burst set are divided into several groups, and each group can be corresponding to an SS burst. Given that the number of SSB in an SS burst set is 64. Similar to SFN indication in LTE, 3-bit MSB of index information (i.e. 8 groups) can be indicated explicitly by the PBCH payload, while the remaining 3-bit LSB can be indicated in an implicit way, e.g. scrambling code. Then a UE can try to combine PBCH instances within such a group. 
· Alt. 2: SSB index indication via PBCH DMRS within the SS band
Another way is to indicate the index is via PBCH DMRS within the SS-band, then the UE can derive SSB index without PBCH decoding. In addition, it’s also beneficial for mobility. As shown in Figure 2, according to NR agreements, the bandwidth of NR-PSS and NR-SSS is 127 subcarrier (adding virtual subcarriers, the SS band is about 12RB), whereas the bandwidth of PBCH is 288 subcarriers (24 RB). Typically a band-pass or base-band low pass filter for the SS band would include only about half of the PBCH signal. In this case, assuming that the relevant SSB index is needed to identify the SSB(s) used to measure, RSRPs of neighbor cells, such measurements cannot be derived directly from observation of a 20ms time window within the SS band. Then RSRPs would have to be measured at the next PBCH instance, using a wider receiver bandwidth. This processing scheme, i.e., cell search in one SS burst set, then PBCH decoding and RRM measurement at another SS burst set, results in more processing time and much higher processing complexity. This problem can be solved if the PBCH DMRS within SS-band can be used directly for SS block indication.
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Figure 2: NR-SS and NR-PBCH

The details of PBCH DMRS design is presented in [2].
Proposal 1: In order to alleviate the complexity of PBCH blind decoding and support PBCH combining within SS burst set as well, there are 2 candidates to be considered for support in NR:

· Alt. 1: Joint indication of SSB index via PBCH payload and PBCH scrambling code
· Alt. 2: SSB index indication via PBCH DMRS within the SS band
In Alt.1, only after PBCH decoding could a UE drive the SSB index. In Alt.2, The UE can obtain the index without PBCH decoding. Note that PBCH can be used for time index indication within the SS burst set periodicity only if there is no problem to meet mobility and HO related requirements. However, whether indicating by PBCH can meet the requirements is to be checked by RAN2. If it can, Alt.1 should be supported. Otherwise, Alt.2 should be supported.

Proposal 2: If PBCH time index indication within the SS Burst Set can meet mobility and HO related requirements, Alt.1 should be supported. Otherwise, Alt.2 should be supported.
3. Conclusions

In this document, some considerations on SS block time index indication are presented. Based on the discussion, we have following proposals:
Observation 1: Implicit indication of SSB time index via PBCH could introduce pretty high complexity of blind decoding.
Observation 2: PBCH combining within an SS burst set may be necessary in multi-beam case. However, it would be difficult to support such combining if SSB index is indicated explicitly via PBCH payload.
Proposal 1: In order to alleviate the complexity of PBCH blind decoding and support PBCH combining within SS burst set as well, there are 2 candidates considered for  support in NR:

· Alt. 1: Joint indication of SSB index via PBCH payload and PBCH scrambling code
· Alt. 2: SSB index indication via PBCH DMRS within the SS band
Proposal 2: If PBCH time index indication within the SS Burst Set can meet mobility and HO related requirements, Alt.1 should be supported. Otherwise, Alt.2 should be supported.
References
[1] Chairman’s Notes RAN1_88bis_final, 3GPP TSG RAN WG1 88bis Meeting, April 2017.
[2] R1-1707253, “Discussion on PBCH design”, Fujitsu
PAGE  
2

_1555331545.vsd
SFN=0


SFN=1


SFN=2


SFN=3


SFN=4


SFN=5


SFN=6


SFN=7


Frame length = 10ms 


SS burst set periodicity= 20ms


PBCH TTI =  80ms


SFN=1023


SFN=0


SFN=1


…


…


t


SS block



