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1
Introduction

In RAN1#88bis, RAN1 has achieved much progress on synchronization signal (NR-SS) and broadcast channel (NR-PBCH) design in terms of various aspects (e.g. SS structure, SS sequence, SS block bandwidth, numerology etc.) as following [1]. 
	Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· 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 BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec


In this contribution, we discuss about SS block time index indication for NR, and finally provide our view and proposals. 
2
SS block Time indication 
For timing information in LTE, it is determined by the detection of synchronization signals using information on relative position between PSS and SSS, and 2-M sequence mapping of SSS in subframe 0 and 5. That is, LTE UEs can obtain all of timing information like symbol/slot/frame boundary, time index, and even CP type/duplex mode during initial cell access. Meanwhile, in NR, it was agreed that SS block time index will provide the corresponding timing information, and it is indicated by PBCH, subject to further check by RAN2 as in above agreement highlighted by yellow color. 
Based on SS block time index from PBCH and predefined SS block composition, a NR-UE can therefore derive OFDM symbol/slot index and frame boundary information. There can be currently three options for SS block time indication:

Option 1: MIB in PBCH contains SS block time index

Option 2: RV for PBCH indicates SS block time index

Option 3: Sequence/message outside PBCH contains SS block time index

Both Option 1 and Option 2 are based on PBCH which are aligned with current RAN1 agreement, while option 3 is to consider the other signaling scheme outside PBCH. Depending on RAN2 check, it is assumed Option 3 can be considered. Before waiting RAN2 input, we would like to share our view on this aspect in both RAN1 and RAN2 perspective if PBCH based SS block time index is used (Option 1/2).

RAN1 related issues:

- UE complexity increase and detection feasibility:
UE is always required to decode PBCH for acquiring SS block time index even for HO and RRM measurement. There are multiple number of target cells for HO and RRM measurement. On top of those of HO and RRM measurement, there are also additional bandwidth parts in wideband operation where UE may need to monitor multiple SS blocks in bandwidth parts at a given time. Moreover, to perform soft combining across multiple PBCHs, advanced PBCH detection scheme with high complexity may be mandated, since SS block index in MIB is changed in every SS block within PBCH TTI(80ms). Regarding RV based indication, this option may not desirable and feasible since number of SS block index for higher frequency range seems be too large (e.g. 64 or 128 for up to 52.6 GHz).
- Inefficient resource usage and measurement reporting:

	Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

· FFS: deactivated cell case (if defined)


For cell detection and measurement, PBCH detection may be required to acquire time index even in some cases (e.g. deactivated cell, non-standalone cell) as discussed in working assumption above. In those scenarios, which is not necessary to detect PBCH in SS block, it is possible not to send PBCH in SS block, but if SS block time index is indicated by PBCH detection, a UE should detect PBCH in any cases/scenarios, which will cause significant resource waste, UE power consumption, worse gNB energy saving and inter-cell interference.
- Less reliable DMRS design for PBCH:

In LTE, time indices (e.g. OFDM symbol/Slot) are indicated by PSS/SSS and thus, CRS sequence generation can rely on the time indices for PBCH demodulation. However, if the time indices are indicated by SS block index inside PBCH, DMRS sequence generation cannot rely on those time indices, but only rely on Cell ID acquired by NR-SS. It may cause higher cross-correlation value across PBCH DMRS of multiple cells due to less number of initialization values. So, it can be beneficial to know time index before PBCH detection for NR as in LTE.
Observation#1: In RAN1 perspective, PBCH based time index indication is not efficient and reliable to perform initial cell access and measurement/HO.
RAN2 related issues:
- Handover procedure:
Since Rel-8, during handover procedure, UE is not required to acquire the SFN of the target PCell by detecting system information from that cell before performing RACH access in the target PCell [2]. Therefore, normal UEs has not detected system information contained in PBCH and PDSCH during handover procedure. So, the principle shall be also maintained and not changed at least for normal NR UE if there is no strong motivation and justification.
In addition, as discussed in [3], if we refer to RAN2 TR 38.804 section 10.2.2 which are captured below for reference: 

	10.1.2            Network controlled mobility

Network controlled mobility is applied for the UE in RRC_CONNECTED and is dealt with or without RRC. The RRC driven mobility is responsible for the cell level mobility, i.e. handover. Handover signalling procedures adopt the same principle as Rel-13 LTE as specified in TS 36.300 [3]. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 10.1.2-1:
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Figure 10.1.2-1: Inter-gNB handover procedures

1    The source gNB initiates handover and issues a Handover Request over the Xn interface.

2    The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.

3    The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention based and contention free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.


Based on the yellow highlighted text in above table, it is clearly captured that there is no requirement for the UE to read the system information i.e. PBCH/MSI to access the target cell.
- Channel measurement (i.e. SS-block-RSRPs):

For channel measurement, following agreements are reached in RAN2#97bis [3][4]:

	1. In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.

2. UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 

FFS whether it is needed for all events. 

FFS how the UE can choose the best beams. 

FFS whether quality of the beams are also reported

FFS whether the same applies for CSI-RS


Based on above RAN2 agreements, UE needs to indicate SS block time index corresponding to the beam ID for SS-block-RSRPs. This imposes an additional UE requirement before event triggering in addition to that during handover for knowing the SS block time index. Therefore, UE may need to decode PBCH of all potential target cell(s) if the SS block time index is included in PBCH.
Observation#2: In RAN2 perspective, NR UE is not required to decode PBCH of target cell(s) for RRM measurement reporting and during handover. 
Based on above two observations we think detecting PBCH to know SS block time index is not efficient in terms of resource utilization, energy saving and interference for both gNB and UE; and cause high decoding complexity in UE side. Also, reading system information (i.e. PBCH) is not aligned with RAN2 agreement and principles. Therefore, it is proposed to consider the Option 3 (sequence based scheme e.g. TSS/DMRS) for SS block time indication.
Proposal 1: RAN1 should consider SS block time indication method outside PBCH. 
3 Summary and conclusion
In this contribution, we provided our view on SS block time index indication for NR. Based on the discussion, the following observation and proposal are drawn:
Observation#1: In RAN1 perspective, PBCH based time index indication is not efficient and reliable to perform initial cell access and measurement/HO.
Observation#2: In RAN2 perspective, NR UE is not required to decode PBCH of target cell(s) for RRM measurement reporting and during handover. 
Proposal 1: RAN1 should consider SS block time indication method outside PBCH.
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