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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK1]In the RAN1 #87 meeting, time index of SS-block was identified as necessary timing information that should be indicated to the UE [1]. During the RAN1 AH_NR meeting in Spokane, possible mechanisms to indicate such information were further listed [2]. And in the RAN1 #88bis meeting, PBCH was suggested to indicate time index information under the condition that mobility and HO related requirements can be met [3].
	Agreements: #87
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]At least for multi-beams case, at least the time index of SS-block is indicated to the UE
Agreements: #ad hoc
· [bookmark: OLE_LINK26][bookmark: OLE_LINK29]Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
Agreements: #88bis
· [bookmark: OLE_LINK9]Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]Note: RAN1 assumes that RAN2 will check against to RAN2 requirements


In this contribution, we focus on specific indication method of SS block index(SBI). As a related issue, indication of system frame number is also discussed. In our companion contribution [4], the affect of PBCH based indication mechanisms have been discussed based on from RAN2 requirements. 
2. [bookmark: OLE_LINK8][bookmark: OLE_LINK50]Indication of SBI by PBCH
In the RAN1 #88bis meeting, PBCH was suggested to indicate time index information under the condition that mobility and HO related requirements can be met [3]. Indication of SBI by PBCH can be divided into explicit indication and implicit indication. 
As discussion in our companion contribution [5], at least PBCH combination within subset of the SS burst set should be supported. For the mechanism of explicit indication by PBCH, the possibility of reception combining of PBCH across different SS blocks will be restricted to some extent due to different content in PBCH in different SS blocks. Although some algorithms for combining PBCH with different contents in different SS blocks were presented, the actual performance gain of such combining should be further studied. 
For the mechanism of implicit indication by PBCH, processing complexity and overhead of UE will become larger due to more CRC/scrambling code check in PBCH when considering reception combining of PBCH across different SS blocks. 
Furthermore, decoding the PBCH is required for both explicit and implicit indication of SBI by PBCH. It seems necessary that the UE obtains at least some level of the SBI, e.g. SBI within the SS burst set, in order to identify the index of the measured beam. If it is necessary to decode to the PBCH to obtain this part of the SBI, then it will be necessary to decode the neighbor cell PBCH in order to report beam-level measurements to the serving cell. RAN2 has given their preliminary understand of indication of SBI by PBCH that ‘receiving Time index indication from PBCH could violate the RAN2 principle that UE is not required to receive system information from a neighbour cell to perform measurements’ [6]. And in our companion contribution [4], the affect of PBCH based indication mechanisms have been further discussed from RAN2 requirements. 
From the discussion above, indication of SBI by decoding PBCH is not an acceptable mechanism. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: The SBI shall be obtained by the UE without decoding the PBCH.
3. Indication of SBI before decoding the PBCH
Indication mechanisms of SBI before decoding the PBCH should be further considered. Firstly, mobility and HO related requirements from RAN2 can be met. Secondly, when reception combining of PBCH is needed for initial access UE, the PBCH from different SS blocks can be combined without any block position blind attempt if the SBI can be obtained before decoding the PBCH. 
[bookmark: OLE_LINK2]Observation 1: Indication mechanisms of SBI before decoding the PBCH should be further considered.
As discussed in our companion contribution [7], in order to minimize the length of SS block, it is not reasonable to introduce other signals TDMed with SS/PBCH in SS block. Some mechanisms for reuse existing signals located within SS/PBCH symbols can be listed as follows. 
NR-PSS and/or NR-SSS: capacity problem may become a main limitation for carrying both cell ID and SS block index in NR-PSS and NR-SSS. For example, if the maximum number of SS block indexes will be in the order of <64, an extra 6 bits would have to be indicated through NR-PSS and/or NR-SSS. From the current agreement, the number of NR cell IDs should be about 1000. Then, for 3 NR-PSS sequences and 1000 post-scrambling NR-SSS sequences, it is not feasible to indicating the whole SBI by using NR-PSS/SSS. 
PBCH DMRS: as an agreement in RAN1 #88bis meeting, DMRS should be inserted into PBCH symbol(s) for phase reference. Using the existing PBCH DMRS to indicate SBI can also be considered, e.g. position of PBCH DMRS, and/or DMRS sequence as shown in Figure 1. For UE obtaining the SBI, based on the positions of NR-PSS and NR-SSS, a correlation operation can be performed by the UE between potential sequences and received signals in those potential positions. 


Figure 1: Example of SBI indication by PBCH DMRS
Proposal 2: NR should consider reusing existing signals, e.g. NR-PSS, NR-SSS and PBCH DMRS to indicate at least part of SBI without decoding PBCH. The detail design of such signals is FFS
4. Indication of System Frame Number
[bookmark: OLE_LINK22]In the RAN1 AH_NR meeting, it was agreed that PBCH carries at least a part of the SFN[2].
	Agreement:
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· [...]


In current LTE system, PBCH TTI is configured as 40ms. For total 10 bits SFN, 8 MSBs of the SFN are carried by PBCH explicitly. And 2 LSBs of SFN are carried through different RV of PBCH in different frame. The following subsection will discuss indication method of SFN in NR. 
4.1 MSBs of SFN
In NR, PBCH TTI was agreed to be 80ms [3]. Considering the method similar to LTE, the same (N-3) MSBs of the total N bits SFN can be carried by each PBCH within PBCH TTI explicitly. 
Proposal 3: The same (N-3) MSBs of the total N bits SFN can be carried by each PBCH within PBCH TTI explicitly.
4.2 LSBs of SFN
The indication of 3 LSBs of the SFN should be further considered for distinguishing different radio frames within the PBCH TTI. 
· For periodicity of SS burst set no longer than the length of radio frame(i.e. 5ms, 10ms)


Figure 2: 10ms periodicity of SS burst set and 80ms PBCH TTI
[bookmark: OLE_LINK21][bookmark: OLE_LINK25]In these cases, a radio frame contains one or two SS burst set(s). As shown in Figure 2, let’s take 10ms periodicity of SS burst set as an example, there is only one radio frame located in each duration of the SS burst set. Different index/indication of the SS burst set corresponds to a single radio frame. So index/indication of the SS burst set can indicate a part of SFN information, wherein the index/indication of the SS burst set within PBCH TTI can be indicated by different RVs of PBCH implicitly just like LTE. Scrambling code or Cyclic Redundancy Check (CRC) mask of PBCH can also be considered. 
[bookmark: OLE_LINK3]Observation 2: For 5ms/10ms periodicity of the SS burst set, each SS burst set corresponds to a single radio frame. Different radio frames within the PBCH TTI can be distinguished through index/indication of the SS burst set within PBCH TTI.

· For periodicity of SS burst set between the length of radio frame and PBCH TTI (i.e. 20ms, 40ms)


Figure 3: 20ms periodicity of SS burst set and 80ms PBCH TTI
As shown in Figure 3, let’s take 20ms periodicity of the SS burst set as an example, there are two radio frames located in each duration of the SS burst set. It means that only index/indication of the SS burst set can not give the whole 3 LSB bits of the SFN. The index of an SS block within the SS burst set can be further used for distinguishing the first of the second radio frame in the SS burst set. Similar as description above, the index/indication of the SS burst set within PBCH TTI can be indicated by different RVs or Scrambling codes or Cyclic Redundancy Check (CRC) masks of PBCH implicitly. And index of an SS block can be obtained by receiving signals before decoding PBCH. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Observation 3: For 20ms/40ms periodicity of the SS burst set, each SS burst set corresponds to more than one single radio frames. Different radio frames within the PBCH TTI can be distinguished through index/indication of the SS burst set within PBCH TTI, and an SS block index within the SS burst set.
· For periodicity of SS burst set no shorter than the PBCH TTI (i.e. 80ms, 160ms)


Figure 4: 160ms periodicity of SS burst set and 80ms PBCH TTI
As shown in Figure 4, there are two PBCH TTI located in the duration of SS burst set. The PBCH content will be changed within one SS burst set when the SS blocks belong to different PBCH TTI. At least, PBCHs located in different (N-3) MSBs of the total N bits SFN. 
Further, index/indication of an SS burst set will lose its meaning for distinguishing different radio frames within the PBCH TTI because the SS blocks within the PBCH TTI come from the same SS burst set. But the SS block may be located in different radio frames. The index of the SS block within the SS burst set can be used for distinguishing the radio frames..
Observation 4: For 80ms/160ms periodicity of the SS burst set, index/indication of an SS burst set will lose its meaning for distinguishing different radio frames within the PBCH TTI because the SS blocks within the PBCH TTI come from the same SS burst set. The index of an SS block within the SS burst set can be used for distinguishing the radio frames.
Proposal 4: The 3 LSB bits of SFN can be indicated implicitly by using the SS block index within the SS burst set, and/or index/indication of the SS burst set within PBCH TTI.
· For 5ms/10ms periodicity of SS burst set, the 3 LSB bits of SFN can be indicated implicitly by index/indication of the SS burst set within the PBCH TTI
· For 20ms/40ms periodicity of the SS burst set, the 3 LSB bits of SFN can be indicated implicitly by using the SS block index within the SS burst set, and index/indication of the  SS burst set within the PBCH TTI.
· For 80ms/160ms periodicity of SS burst set, the 3 LSB bits of SFN can be indicated implicitly by the SS block index within the SS burst set
Proposal 5: Index/indication of the SS burst set within the PBCH TTI can be indicated by different RVs or Scrambling codes or Cyclic Redundancy Check (CRC) masks of PBCH implicitly can also be considered.
5. Conclusions
In this contribution, the indication mechanisms of SBI and SFN are discussed. Based on the discussion, we have the following observation and proposals: 
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: Indication mechanisms of SBI before decoding the PBCH should be further considered.
Observation 2: For 5ms/10ms periodicity of the SS burst set, each SS burst set corresponds to a single radio frame. Different radio frames within the PBCH TTI can be distinguished through index/indication of the SS burst set within PBCH TTI.
Observation 3: For 20ms/40ms periodicity of the SS burst set, each SS burst set corresponds to more than one single radio frames. Different radio frames within the PBCH TTI can be distinguished through index/indication of the SS burst set within PBCH TTI, and an SS block index within the SS burst set.
Observation 4: For 80ms/160ms periodicity of the SS burst set, index/indication of an SS burst set will lose its meaning for distinguishing different radio frames within the PBCH TTI because the SS blocks within the PBCH TTI come from the same SS burst set. The index of an SS block within the SS burst set can be used for distinguishing the radio frames. 
Proposal 1: The SBI shall be obtained by the UE without decoding the PBCH.
Proposal 2: NR should consider reusing existing signals, e.g. NR-PSS, NR-SSS and PBCH DMRS to indicate at least part of SBI without decoding PBCH. THe detail design of such signals is FFS
Proposal 3: (N-3) MSBs of the total N bits SFN can be carried by PBCH explicitly.
Proposal 4: The 3 LSB bits of SFN can be indicated implicitly by using the SS block index within the SS burst set, and/or index/indication of the SS burst set within PBCH TTI.
· For 5ms/10ms periodicity of SS burst set, the 3 LSB bits of SFN can be indicated implicitly by index/indication of the SS burst set within the PBCH TTI
· For 20ms/40ms periodicity of the SS burst set, the 3 LSB bits of SFN can be indicated implicitly by using the SS block index within the SS burst set, and index/indication of the  SS burst set within the PBCH TTI.
· For 80ms/160ms periodicity of SS burst set, the 3 LSB bits of SFN can be indicated implicitly by the SS block index within the SS burst set
Proposal 5: Index/indication of the SS burst set within the PBCH TTI can be indicated by different RVs or Scrambling codes or Cyclic Redundancy Check (CRC) masks of PBCH implicitly can also be considered.
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