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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 [1].
	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 RAN2 #98 meeting, RAN2 has taken RAN1 concern into account in RAN2 discussion. And the following response LS was provided for RAN1 further consideration [4][5].
	Response LS on reading time index indication for RRM measurements from RAN2: 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]From RAN2 point of view, the UE should be able to perform beam/cell measurement and identification quickly and reliably with minimal need for measurement gaps. Therefore, if there is considerable delay due to reading the time index from PBCH, RAN2 observes that this may impact handover performance and UE power consumption. RAN2 would like to ask RAN1 to consider the above information in RAN1 design.


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. 
2. [bookmark: OLE_LINK50]Discussion
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 [1]. During RAN2 #98 meeting, RAN1 concern had been taken into account in their discussion. From RAN2 point of view, the UE should be able to perform beam/cell measurement and identification quickly and reliably with minimal need for measurement gaps. Therefore, if there is considerable delay due to reading the time index from PBCH, RAN2 observes that this may impact handover performance and UE power consumption. 
Indication of SBI by PBCH can be divided into explicit indication, implicit indication and PBCH DMRS. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]For the mechanism of explicit indication by PBCH, a straightforward way is preserving explicit timing bits from PBCH payload for timing information indication. And 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. Some other ways of explicit indication by PBCH can also be considered. Such as, reformulation the explicit timing bits in PBCH into different scrambling on the coded bits of the rest of the payload [6], or encoding timing bits independent [7]. 
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. It will cause a certain degree of delay and power consumption for UE. So indicating timing information by PBCH explicitly or implicitly should be avoided as far as possible. 
[bookmark: OLE_LINK14]Proposal 1: Timing information indicated by PBCH explicitly or implicitly should be avoided as far as possible.
[bookmark: OLE_LINK25][bookmark: OLE_LINK27]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. the sequence of PBCH DMRS, DMRS mapping order, OCC used on DMRS, etc. If some of the timing information is indicated by PBCH DMRS, the number of blind decoding attempts of PBCH will be reduced. However, the more information indicated by PBCH DMRS, the worse detection performance of information indicated by PBCH DMRS. So the question is how much information can be reliably carried by PBCH DMRS? Some evaluations have been done for addressing this issue, and the result and analysis can be found in our companion contribution [8]. Indication methods of SBI and SFN are further presented based on the analysis. 
Proposal 2: PBCH DMRS carries as many bits of the timing information as can be reliably detected, assuming the same performance requirement as for implicit and explicit PBCH indication. 
3. Indication of SBI
As an agreement made in RAN1 #89 meeting, the maximum number of SS-blocks within SS burst set, L, for different frequency ranges were determined [9]. 
	Agreements:
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64


For different frequency ranges, different indication bits are needed. As discussed in our companion contribution [8], at least 7 timing bits can be carried by PBCH DMRS for frequencies around 4 GHz, and 8 timing bits can be carried by PBCH DMRS for frequencies around 30 GHz. Considering the maximum number of SS blocks within SS burst set for different frequency ranges, it means that sufficient capacity can be provided by PBCH DMRS to indicate the whole SBI for frequency ranges both below and above 6 GHz. 
[bookmark: OLE_LINK2]Proposal 3: For the frequency ranges both below and above 6 GHz, the whole SBI is indicated by PBCH DMRS. 
· For the frequency range up to 3 GHz, 4 different PBCH DMRS timing sequences are defined for SBI indication within SS burst set
· For the frequency range from 3 GHz to 6 GHz, 8 different PBCH DMRS timing sequences are defined for SBI indication within SS burst set
· For the frequency range from 6 GHz to 52.6 GHz, 64 different PBCH DMRS timing sequences are defined for SBI indication within SS burst set
4. Indication of SFN and half frame timing
[bookmark: OLE_LINK22]In the RAN1 AH_NR meeting, it was agreed that PBCH carries at least a part of the SFN [2]. In the RAN1 #89 meeting, it was further clarified that at least 80 ms granularity (i.e. 7-10 bits) are carried in NR-MIB. The indication within 80 ms is FFS [9].
	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
· [...]
Agreements:
· Following contents are carried in NR-MIB
· (Part of) SFN: [7 - 10] bits
· At least 80 ms granularity
· FFS: indication within 80 ms


In the current LTE system, PBCH TTI is 40 ms. For total 10 bits SFN, 8 MSBs of the SFN are carried by PBCH explicitly. The 2 LSBs of SFN are carried through different RVs of PBCH in different frames. The following subsection will discuss the indication method of SFN and half frame timing in NR. 
4.1 MSBs of SFN indication
In NR, PBCH TTI was agreed to be 80 ms [3]. Considering the method similar to LTE, the same 7 MSBs of the total 10 bits SFN can be carried by each PBCH within PBCH TTI explicitly. 
Proposal 4: The same 7 MSBs of the total 10 bits SFN can be carried by each PBCH within PBCH TTI explicitly.
4.2 [bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK32][bookmark: OLE_LINK33]LSBs of SFN indication and half frame timing
[bookmark: OLE_LINK21]The indication of the 3 LSBs of the SFN and half frame timing should be further considered for distinguishing different radio frames and half frame within the PBCH TTI. 
There are different requirements for the indication of bits considering different periodicities of the SS burst set. For example, there are 16 SS burst sets within the 80 ms PBCH TTI for 5 ms SS burst set periodicity, and 4 bits will be needed for distinguishing each of them. For larger SS burst set periodicity, less bits are required as some of them can be implicated by detection of SS block with fixed time domain location. For example, half frame timing can be omitted for SS burst set periodicity larger than 5 ms due to a fixed SS burst set location in the first 5 ms [10]. 
But for UE initial access cell without periodicity information, timing ambiguity issue can be caused if the design is such that the same indication information implies different meanings under different SS burst set periodicity. 
To avoid causing timing ambiguity for UEs performing initial access, the indication method should be designed based on the maximum indication bits even if larger periodicities doesn't need so many indication bits. And the same indication information implies uniform meanings under different SS burst set periodicity.
Observation 1: The indication method should be designed basing on the maximum timing bits. The same indication information should imply uniform meaning under different SS burst set periodicity.
There are total 4 bits needed to be indicated. The following three levels of timing information can be identified: 
· 20 ms timing(2 bits)
· radio frame timing within 20ms(1bit)
· half frame timing(1bit)
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the frequency range from 6 GHz to 52.6 GHz
There are remaining 2 bits can be carried by PBCH DMRS in addition to 6 bits used for indicating 64 different SBIs base on discussion in our companion contribution [8]. It can be further considered for indicating LSBs of SFN or half frame timing. Then another 2 bits are needed to complete the LSBs of SFN and half frame timing. 
For this, four PBCH RVs can be used to indicate 20 ms timing within 80 ms PBCH TTI similarly as LTE. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK30]As proposed in our companion contribution [8], 128 different DMRS timing sequences and two different DMRS mapping orders have been defined. The two different mapping orders (Order 0 and Order 1) of PBCH DMRS can be used to indicate radio frame timing within each radio frame. And DMRS timing sequences are divided into two groups, Sequence Group 0 (SG0) and Sequence Group 1 (SG1). DMRS sequences belong to different SGs indicate different radio frames within each radio frame. 64 different timing sequences within one SG can be further used for indicating SBI as proposed in section 3.


Figure 1: 3 LSBs of SFN indication and half frame timing for different periodicity of SS burst set
As shown in figure 1, keeping the same relationship between 'RV\Order\SG' and time domain location should be considered. It means 16 combinations of 'RV\Order\SG' will be defined, and some combinations of 'RV\Order\SG' will not be used by larger periodicity. For example, only 'RV0\Order0\SG0', 'RV1\Order0\SG0', 'RV2\Order0\SG0' and 'RV3\Order0\SG0' are adopted by 40ms case.
· For the frequency range up to 6 GHz
By keeping uniform design concept in mind, it can share the same method for indicating LSBs of SFN and half frame timing as that for the frequency range from 6 GHz to 52.6 GHz described above. That is, 
· Defining the same four different PBCH RVs to indicate 20ms timing within 80ms PBCH TTI
· Defining the same two different mapping orders(Order 0 and Order 1) of PBCH DMRS can be used to indicate radio frame timing within 20ms
· Two different SGs of PBCH DMRS timing sequence can be used to indicate half frame timing within each radio frame
The only difference is the number of PBCH DMRS timing sequences in one SG for SBI indicating as different number maximum number of SS blocks within SS burst set for different frequency ranges.
Proposal 5: The 3 LSBs of SFN and half frame timing can be indicated by PBCH RV, PBCH DMRS mapping order and PBCH DMRS timing sequence uniformly regardless of the frequency ranges.
· Four different PBCH RVs can be used to indicate 20 ms timing within 80 ms PBCH TTI
· Two different mapping orders (Order 0 and Order 1) of PBCH DMRS can be used to indicate radio frame timing within 20 ms
· Two different SGs of PBCH DMRS timing sequence can be used to indicate half frame timing within each radio frame
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: The indication method should be designed basing on the maximum timing bits. The same indication information should imply uniform meaning under different SS burst set periodicity.
Proposal 1: Timing information indicated by PBCH explicitly or implicitly should be as less as possible.
Proposal 2: PBCH DMRS carries as many bits of the timing information as can be reliably detected, assuming the same performance requirement as for implicit and explicit PBCH indication.
Proposal 3: For the frequency ranges both below and above 6 GHz, the whole SBI is indicated by PBCH DMRS. 
· For the frequency range up to 3 GHz, 4 different PBCH DMRS sequences are defined for SBI indication within SS burst set
· For the frequency range from 3 GHz to 6 GHz, 8 different PBCH DMRS sequences are defined for SBI indication within SS burst set
· For the frequency range from 6 GHz to 52.6 GHz, 64 different PBCH DMRS sequences are defined for SBI indication within SS burst set
Proposal 4: The same 7 MSBs of the total 10 bits SFN can be carried by each PBCH within PBCH TTI explicitly.
Proposal 5: The 3 LSBs of SFN and half frame timing can be indicated by PBCH RV, PBCH DMRS mapping order and PBCH DMRS timing sequence uniformly regardless of the frequency ranges.
· Four different PBCH RVs can be used to indicate 20 ms timing within 80 ms PBCH TTI
· Two different mapping orders (Order 0 and Order 1) of PBCH DMRS can be used to indicate radio frame timing within 20 ms
· Two different SGs of PBCH DMRS timing sequence can be used to indicate half frame timing within each radio frame
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