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Introduction
In RAN1#88bis, the following agreements on time index indication were reached [1]:
Agreements:
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:
· PBCH TTI: 80 msec

And the following conclusions were drawn: 
Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Time index indication signaling

[bookmark: _Ref178064866]Time index indication
[bookmark: _Ref481507889]Timing information content
The below discussion and proposals are based on the accompanying SS block, burst and burst set contribution in [2]. Based on that contribution it is likely that multiple formats of SS bursts and burst set compositions will exist. Hence, it is necessary to separate the timing indicators for different burst set compositions in order to achieve a compact timing format.
[bookmark: _Toc481506439][bookmark: _Toc481701286][bookmark: _Toc481762291][bookmark: _Toc481765340][bookmark: _Toc481765368][bookmark: _Toc481874100][bookmark: _Toc481874113][bookmark: _Toc481879917][bookmark: _Toc481879954][bookmark: _Toc481881488]In case multiple burst and burst set compositions are defined, separate timing indicators are needed for the multiple compositions.
Furthermore, different timing indicators may be required for different SS numerologies, due to the different SS burst and burst set compositions, and different number of beams to be represented in the numerology.
[bookmark: _Toc481506440][bookmark: _Toc481701287][bookmark: _Toc481762292][bookmark: _Toc481765341][bookmark: _Toc481765369][bookmark: _Toc481874101][bookmark: _Toc481874114][bookmark: _Toc481879918][bookmark: _Toc481879955][bookmark: _Toc481881489]Different numerologies may have separate timing indication representation.
Additionally, it was agreed that the PBCH TTI is 80 ms. Considering the determined SS burst set periodicities of 20 ms, it can be concluded that the timing indicator may be partitioned into three parts:
· Inter-SS burst set time indication, i.e., the order of the current burst set within all burst sets comprised within the TTI. This information already exists in the SFN why that should be used also for the inter-burst set time indication
· SS burst time indication represents the timing of an SS burst within the SS burst set. Per the discussion in [2], for this part some flexibility may be desirable. Hence, e.g., two bits may be allocated for that in addition to the bits that may indicate the burst number. However, not all numerologies may have multiple bursts, why the burst set time indicator may only be used for a subset of NR numerologies.
· SS block time indication, implying the timing of an SS block within the current SS burst. For this case, a likely composition is that the SS blocks are positioned equidistantly within the burst, although not necessarily throughout the whole burst. 
The relationship between the three parts are illustrated in Figure 1, where the SS burst set is mapped to a certain radio frame, whose number can be regarded as the inter-SS burst set time indication. In each SS burst set, a number of SS bursts would be defined as discussed in [2]. In each SS burst, the SS block time indicator would also be delivered by NR-PBCH according to the agreements. 
[image: ]
[bookmark: _Ref481761178]Figure 1 Illustration of the three parts of time indicator
Therefore, based on the possible SS burst set composition, we have the following proposals:
[bookmark: _Toc481506441][bookmark: _Toc481701288][bookmark: _Toc481762293][bookmark: _Toc481765342][bookmark: _Toc481765370][bookmark: _Toc481874102][bookmark: _Toc481874115][bookmark: _Toc481879919][bookmark: _Toc481879956][bookmark: _Toc481881490]The SS block timing indication in a NR-PBCH TTI is partitioned into inter-SS burst set timing, SS burst timing in a SS burst set, and SS block timing in a SS burst.
To deliver the inter-SS burst set timing, the part of NR-PBCH SFN can be used, like the scrambling sequence to indicate the four radio frames in one PBCH TTI in LTE. The position of the SS burst set in a NR-PBCH TTI, i.e., 8 radio frames, could be pre-defined, and the blind detection on the scrambling sequences of the four copies can indicate the SFN offset in the TTI. Thus, we have the following proposal:  
[bookmark: _Toc481701289][bookmark: _Toc481762294][bookmark: _Toc481765343][bookmark: _Toc481765371][bookmark: _Toc481874103][bookmark: _Toc481874116][bookmark: _Toc481879920][bookmark: _Toc481879957][bookmark: _Toc481881491]NR-PBCH SFN can be used for the inter-burst set timing indication.
The next question is how to distribute the SS block timing index within one SS burst set, which has maximum L SS blocks (positions) to indicate. We propose 4, 8 and 64 for the three frequency ranges, which are corresponding to 2, 3 and 6 bits. 
It has been agreed that this information could be delivered by NR-PBCH, which has two alternatives as 
· Alt.1: Implicit indication by NR-PBCH
This has the advantage of not increasing the overhead from signalling the index, but needs investigation for allowing soft combining of NR-PBCH and the added complexity of the UE testing multiple hypothesis.
· Alt.2: Explicit indication by NR-PBCH
The same advantage as implicit indication when it comes to overhead. It should be noted that even if some bits in the NR-PBCH changes from SS block to SS block, soft combining is still possible with some added UE functionality.
Since the explicit indication could destroy the soft-combination of the detected SS blocks, and implicit indication could be a better selection if supporting the soft-combination with the additional complexity on the multiple hypothesis. On the other hand, it is not necessary to combine arbitrary number of SS blocks. Thus, we propose to have a hybrid way to deliver the timing index indication. 
[bookmark: _Toc481701291][bookmark: _Toc481762296][bookmark: _Toc481765344][bookmark: _Toc481765372][bookmark: _Toc481874104][bookmark: _Toc481874117][bookmark: _Toc481879921][bookmark: _Toc481879958][bookmark: _Toc481881492]A hybrid approach with implicit and explicit bits to jointly indicate the SS block timing index in a NR-PBCH TTI should be considered. 
As an example, we assume the SS blocks in one SS burst can be soft-combined, and SS blocks in different SS bursts are not supposed to be easily soft-combined. Then, only the bits to indicate the SS block timing index in a SS burst needs to be implicitly delivered, and the bits to indicate the SS burst timing index in a SS burst set can be explicitly delivered. 
[bookmark: _Toc481765345][bookmark: _Toc481765373][bookmark: _Toc481874105][bookmark: _Toc481874118][bookmark: _Toc481879922][bookmark: _Toc481879959][bookmark: _Toc481881493]Explicit bits are used to indicate SS burst time index if there are multiple SS bursts, and implicit bits are used to indicate SS block time index in each SS burst.
The number of bits to be implicitly or explicitly delivered is decided by the SS burst set composition as discussed in [2]. Based on the structure, the alternatives to deliver the timing index indication for both explicit and implicit bits are discussed in our channel coding contribution[3].
Conclusion
Based on the discussion in Section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	In case multiple burst and burst set compositions are defined, separate timing indicators are needed for the multiple compositions.
Proposal 2	Different numerologies may have separate timing indication representation.
Proposal 3	The SS block timing indication in a NR-PBCH TTI is partitioned into inter-SS burst set timing, SS burst timing in a SS burst set, and SS block timing in a SS burst.
Proposal 4	NR-PBCH SFN can be used for the inter-burst set timing indication.
Proposal 5	A hybrid approach with implicit and explicit bits to jointly indicate the SS block timing index in a NR-PBCH TTI should be considered.
Proposal 6	Explicit bits are used to indicate SS burst time index if there are multiple SS bursts, and implicit bits are used to indicate SS block time index in each SS burst.
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