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1
Introduction

In RAN1#89, 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.). Regarding the timing indication issue as a remaining issue which is focused in this contribution, the following related agreement was made in last RAN1 meeting.
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L

· 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
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements


In this contribution, we discuss about the indication methods for nominal SS block time index, actual SS block transmission and remaining SFN, 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 the SS block time index will provide the corresponding timing information, and it is indicated by PBCH in RAN1, subject to further check by RAN2 [1].
Based on the SS block time index from PBCH and predefined SS block composition, a NR-UE can therefore at least 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 (e.g. DMRS sequence)
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. When considering LS response from RAN2 [5], it is assumed Option 3 needs to be considered. Firstly, 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:
A NR UE is always required to decode PBCH for acquiring the 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 may be also more number of bandwidth parts (or narrower CCs) in a wideband CC where a NR UE may need to monitor multiple SS blocks in bandwidth parts for channel measurement. Moreover, to perform soft combining across multiple PBCHs for reliable reception, the advanced PBCH detection scheme with high complexity may be required, since a SS block index in MIB is changed in every SS block within PBCH TTI(80ms) for which it is intended not to change contents of MIB. Regarding RV based indication as implicit indication, this option may not be 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:

For cell detection and measurement, PBCH detection may be required to acquire the time index even in some cases (e.g. deactivated cell, non-standalone cell). In those scenarios, where it is not necessary to detect PBCH in every SS block, if the SS block time index is indicated by PBCH, a NR 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.
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, a LTE 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 LTE 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 NR.
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/RMSI to access the target cell.
- Channel measurement (i.e. SS-block-RSRPs):

For channel measurement, following agreements were 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.
In [5], similar with our observations, RAN2 has pointed out considerable delay dur to reading the time index from PBCH, and impact of both handover performance and UE power consumption. 
Observation#2: In RAN2 perspective, a 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, handover performance and UE power consumption, and may cause high decoding complexity and capability in UE side. Also, reading system information (i.e. PBCH) is not aligned with RAN2 agreement and principles. Therefore, it is proposed to adopt option 3 (sequence based scheme e.g. DMRS) and consider DMRS sequence scrambling with at least SS block index and cell ID for the SS block time indication. Further details for option 3 is discussed in our companion contribution [6].
Proposal 1: RAN1 should use DMRS sequence to indicate the SS block time index, which is a method outside of PBCH. 
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Indication of actual transmitted SS block Time
As agreed at RAN1#88bis meeting [1], it has been proposed that either PBCH or RMSI for both CONNECTED and IDLE/In-active UEs is used to indicate the actual SS block transmission among the nominal SS blocks in SS burst sets. For CONNECTED-mode UE, information of actual transmitted SS blocks can be indicated by using dedicated signaling in addition to above system information. By this indication, the resource on remaining SS blocks except the SS blocks which is transmitted in a cell could be used for control signal/data so that spectral efficiency and reliability is improved. Therefore, this information would help NR UEs provide better measurement accuracy.

To indicate the actual SS block transmission, a bit-map signaling could be considered. However, the signaling overhead is significant problem if the number of bits for the bit-map is same to the number of the nominal SS blocks, i.e., it can be 64 bits in case of frequency range 6GHz~52.6GHz. Therefore, smaller size of bit-map could be motivated. For example, a bit-map with either 4 or 8 bits could be used based on the number of maximum nominal SS blocks for frequency range ~3GHz or 3GHz~6GHz. For higher frequency range (i.e. 6GHz~52.6GHz), this smaller bit-map could be repeated or could have some ON/OFF patterns with some additional signaling bits in order to give more flexibility. Table 1 is an example of this signaling method for frequency range 6GHz~52.6GHz (O: a smaller size bit-map with 4 bits is applied and repeated, X: there is no actually transmitted SS blocks).

As the other method, a singling field of combinations with the total number of actually transmitted SS blocks and offset could be used to indicate actually transmitted SS blocks. Possible cases for the total number of actually transmitted SS blocks could be same to the maximum number of the nominal SS blocks. However, only some cases could be used for the total number of actually transmitted SS blocks with some offsets. For example, with frequency range 6GHz~52.6GHz, the possible total number of actually transmitted SS blocks is 2/4/8/16/32/64 with 32/16/8/4/2/1 offsets respectively by using 6 bits signaling field. For given total number of actually transmitted SS blocks and offset, SS block timing indexes of the actually transmitted SS blocks is pre-defined. Table 2 is an example of this method for frequency range 6GHz~52.6GHz.

Table 1: An example of small size of bit-map with some ON/OFF patterns
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Table 2: An example of total number of actually transmitted SS blocks with some offsets
	Number of actual transmitted SS block
	Offsets
	Actual transmitted SS block timing index

	2 (n=0, 1)
	a=0, 1, ..., 31
	SS block index #32n+a

	4 (n=0, 1, 2, 3)
	a=0, 1, ..., 15
	SS block index #16n+a

	8 (n=0, 1, ..., 7)
	a=0, 1, ..., 7
	SS block index #8n+a

	16 (n=0, 1, ..., 15)
	a=0, 1, 2, 3
	SS block index #4n+a

	32 (n=0, 1, ..., 31)
	a=0, 1
	SS block index #2n+a

	64 (n=0, 1, ..., 63)
	a=0
	SS block index #n


Proposal 2:
To indicate actually transmitted SS blocks, PBCH or RMSI should be used with one of following information.

- Information of a smaller size of bit-map with some ON/OFF patterns,
- Information of total number of actually transmitted SS blocks with some offsets
4
Remaining SFN indication 
In LTE, implicit indication of remaining SFN (2 bits) has been used to reduce number of SFN bits in MIB and maintain the same information content during PBCH TTI (40ms) for easier soft combining. Each transmission instance of LTE PBCH in a radio frame is associated with different scrambling by using SFN mod 4; and initializing scrambling sequence in start of every PBCH TTI. In NR, we can consider the similar technique applying the scramble sequence in multiple SS blocks within NR PBCH TTI (i.e. 80ms), and the different scrambling per SS block, SS burst or SS burst set with SS block time index can be applied for implicit SFN indication. For example, in Figure 2, there are four different scrambling (e.g. a, b, c and d in Figure 1) per a default SS burst set periodicity (i.e. 20ms) within PBCH TTI and the initialization of the scrambling sequence is performed in the start of every PBCH TTI. If the each of four scrambling is associated with 20ms boundary within PBCH TTI, a UE can recognize 20 ms boundary (i.e. SS burst set periodicity) in PBCH TTI by checking the scrambling sequence. Then, the remaining SFN value (i.e. 0 ~ 7, 3bits) is finally derived one of two radio frames from the detected SS block index (i.e. half radio frame timing) within the SS burst set periodicity identified by the scrambling sequence.
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Figure 1: Example of implicit indication of remaining SFN (LSB, 3bits)
As the other ways, redundancy version or CRC masking in PBCH can also be considered. Then a UE can obtain remaining SFN LSB by a given RV or CRC masking value and SS block index. 

Proposal 3: It is proposed that both scrambling sequence for PBCH and half radio frame timing transmitting SS block(s) are used to indicate the remaining SFN 3bits for NR.
5 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 use DMRS sequence to indicate the SS block time index, which is a method outside of PBCH.
Proposal 2:
To indicate actually transmitted SS blocks, PBCH or RMSI should be used with one of following information.

- Information of a smaller size of bit-map with some ON/OFF patterns,
- Information of total number of actually transmitted SS blocks with some offsets
Proposal 3: It is proposed that both scrambling sequence for PBCH and SS block index are used to indicate the remaining SFN 3bits for NR.
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