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Introduction
	Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· 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
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.


The following agreement was made in RAN1 NR-adhoc meeting [1].
Furthermore, RAN1 made the following agreements in RAN1#88 meeting [2].
	Agreements:
· 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
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
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.


In this contribution, we provide views on SS block time index indication considering the supportability of NR-PBCH soft-combining.
Discussion
Support of NR-PBCH soft-combining
Unlike other physical channels, coding adaptation depending on the deployment cannot be applied to NR-PBCH because NR-PBCH is defined as a non-scheduled broadcast channel carrying system information (NR-MIB) with a fixed payload size. Therefore, the NR-PBCH design must take into account high detectability under various deployment scenarios including both single beam and multiple beam scenarios.
If NR keeps the same coverage requirement as LTE, NR-PBCH should be designed to achieve an effective coding rate of 1/48 within the NR-PBCH TTI (80ms). Assuming that NR-PBCH uses QPSK modulation and the NR-MIB payload including CRC consists of 40 bits, 960 REs within NR-PBCH TTI would be required. However, it was agreed in a previous meeting [2] that the NR-PBCH consists of 576 REs (288 subcarriers and 2 OFDM symbols) within an SS block. This implies that the same coverage requirement as LTE cannot be achieved without soft-combining across different SS blocks. Soft-combining of NR-PBCH is also necessary for NR.
Observation 1: To meet the same coverage requirement as LTE, soft-combining of NR-PBCHs across different SS blocks is necessary.
Soft-combining of NR-PBCHs transmitted by using the same or similar beams can achieve high performance. The time index can be used for the process of identifying a beam used in an SS block at the RRM measurement stage. However, how many SS blocks the gNB actually transmits and which beams the gNB uses in these SS blocks is up to network choice. In other words, the association between the SS block time index and the beam should not be defined in the specification; otherwise it causes less network deployment flexibility. Since the UE is not aware of the association between the SS block time index and the beam at least before reading system information, the NR specification should enable combining of all NR-PBCHs within an NR-PBCH TTI. Then, UE can choose to combine some NR-PBCHs within the NR-PBCH TTI without any beam information.
Observation 2: The UE should be able to combine NR-PBCHs without knowing the association between the SS block time index and the beam used in the SS block 
Time index indication
Since it was agreed in a previous RAN1 meeting [2] that NR-PBCH is used for time index indication, indication by an additional SS and by NR-SS was excluded from the candidates of the indication mechanism. It has been discussed whether implicit or explicit indication should be applied. More specifically, 3 options can be considered to indicate the time index by NR-PBCH. Comparison of these mechanisms is shown in Table 1.
· Alt. 1: NR-MIB (explicit indication)
This alternative is an explicit indication mechanism. Time index is conveyed by information bits in NR-MIB. As the maximum number of SS blocks within an SS burst set is 64 for the frequency range from 6 GHz to 52.6 GHz and the default periodicity of the SS burst set is 20 msec, assuming that NR-MIB within NR-PBCH TTI (80 msec) is the same, up to 8 information bits are needed to carry the SS block time index in NR-MIB. In other words, channel coding gain of NR-PBCH would be decreased due to the larger payload size so that the NR-PBCH coverage would also be decreased compared to other indication mechanisms. In addition, considering the need to support NR-PBCH soft-combining, this alternative is undesirable due to different contents among SS blocks. To support NR-PBCH soft-combining in this alternative, additional blind decoding will be required.
· Alt. 2: redundancy version (RV) of NR-PBCH (implicit indication)
This alternative is a similar approach which implicitly indicates the 2 LSB bits of SFN as in LTE and the detail was described in [3][4]. Compared to alternative 1, additional information bits are not required and PBCH combining across different SS blocks can be supported since the NR-MIB contents are fixed among different SS blocks. From the detection complexity perspective, it doesn’t require much burden to the UE since the UE just performs bit shifts and CRC checking at the blind detection stage. It is noted that the range of indication depends on MIB payload size. For example, in the case of 40 bits NR-MIB payload, up to 40 RVs can be created. If the maximum number of SS blocks needed to indicate is larger than NR-MIB payload size, it may be required to have other supplementary indication mechanisms.
· Alt. 3: DMRS sequence of NR-PBCH (implicit indication)
In the previous RAN1 meeting [2], it was agreed that DMRS of NR-PBCH is introduced. In this alternative, the time index is associated with the sequence of the RSs used for demodulation of NR-PBCH and the UE tries to detect the particular sequence using correlation means. By detection of this sequence, the UE can know the time index corresponding to this sequence. Since NR-PBCH-DMRS sequence can be detected before decoding NR-PBCH, the UE is not required to decode NR-PBCH from neighbor cells when neighbor cell measurements are performed. To avoid low reliability of time index detection, a longer sequence with good correlation  should be applied for this DMRS. In addition, sequence type with low detection complexity (e.g. M-sequence) should be considered.
Table 1. Comparison of time index indication mechanism
	
	Alt. 1
(NR-MIB)
	Alt. 2
(RV)
	Alt. 3
(DMRS sequence)

	Detection reliability
	High
	High
	High if a sequence with good correlation is applied.

	Detection complexity
	No complexity
	Low complexity
	[bookmark: _GoBack]Low complexity

	Supportability of NR-PBCH combining
	Additional complexity is required.
	Easy
	Easy

	Impact on NR-MIB payload size
	Information bits are needed in NR-MIB
	No impact
	No impact

	Necessity of NR-PBCH decoding
	Yes
	Yes
	No


From the above discussion, explicit indication should be excluded from the point of view of the complexity required to achieve good NR-PBCH coverage. Furthermore, only alternative 3 would be a candidate if the UE is not required to decode NR-PBCH in the process of performing a neighbour cell measurement. In conclusion, alternative 3 is the most preferable. 
Proposal: NR should support implicit indication by NR-PBCH to indicate the SS block time index.
· NR-MIB contents should be the same within the NR-PBCH TTI to easily enable soft-combining of NR-PBCH.
· DMRS sequence based indication is the most preferable considering the impact on neighbour cell measurement.
Conclusion
In this contribution, we considered time index indication and proposed the following:
Observation 1: To meet the same coverage requirement as LTE, soft-combining of NR-PBCHs across different SS blocks is necessary.
Observation 2: The UE should be able to combine NR-PBCHs without knowing the association between the SS block time index and the beam used in the SS block 
Proposal: NR should support implicit indication by NR-PBCH to indicate the SS block time index.
· NR-MIB contents should be the same within the NR-PBCH TTI to easily enable soft-combining of NR-PBCH.
· DMRS sequence based indication is the most preferable considering the impact on neighbour cell measurement.
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