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1
Introduction

In RAN1#AH_NR2, RAN1 has discussed the issues related to SS block index and timing indication and made following agreements as seen in below table. However, we still have some remaining issues such as the timing indication (e.g. half frame timing, SFN indication) and the signaling scheme for the actual SS block indication.
	Agreements:
· An indication related to the synchronization information is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement
Agreements: 

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period

· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems

· FFS: details of scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload


In this contribution, we therefore discuss about the indication methods for half frame and remaining SFN, actual SS block transmission, and finally provide our view and proposals. 
2
Timing 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 (i.e. 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 LTE PBCH TTI. In NR, we can consider the similar mechanism applying the scramble sequence to the NR PBCHs in multiple SS blocks during NR PBCH TTI (i.e. 80ms). That is, four 20ms timings in NR PBCH TTI can be identified by the different parts of scrambling sequence and the scrambling sequence is initialized in start of every NR PBCH TTI. When performing descrambling in the UE, four blind decoding of NR PBCH are also assumed to maintain the same decoding complexity, which is the same number of blind decoding as in LTE. For example, in Figure 1, 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. The each of four scrambling is associated with 20ms boundary within PBCH TTI. The UE can recognize 20 ms boundary in PBCH TTI by checking the scrambling sequence. Then, the remaining 5ms boundary within 20ms (i.e. 0 ~ 3, 2bits) can be finally identified by detecting MIB in PBCH.
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Figure 1: Example of implicit indication of 20ms timing
Alternatively, 10ms and 5ms timing can be indicated by MIB only. But, it will result in increased number of MIB size which impacts to PBCH coverage, and decoding algorithm with higher complex in a UE side. In that sense, it is not preferable for NR UEs.
Proposal 1: It is proposed that both the radio frame timing and the half frame timing are identified through the PBCH data scrambling (e.g. for 20ms timing) and MIB (e.g. for 5ms), respectively.
3
Indication of actual transmitted SS block
	Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location

· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.


As agreed at RAN1#88bis meeting [1], it has been proposed by several companies that PBCH, RMSI, OSI or dedicated signaling for CONNECTED and/or IDLE/INACTIVE mode UEs is used to indicate the actual transmitted SS block(s) among the nominal SS block positions in a SS burst set. By this indication, the resource on remaining SS blocks except the SS blocks which is transmitting in a cell could be used for control signal/data channels and signals so that spectral efficiency and scheduling flexibility is improved. Moreover, this actual transmitted SS block information would help NR UEs get better RRM measurement accuracy.

To indicate the actual transmitted SS block(s), a bit-map signaling with length L (max. # of SS blocks) could be considered. However, the signaling overhead is significant problem in case it is a bitmap with 64 bits in frequency range 6GHz~52.6GHz. Therefore, smaller size of a bit-map could be motivated especially for above case. For example, a bit-map with either 4 or 8 bits is used in frequency range ~3GHz or 3GHz~6GHz. Meanwhile, 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 a network 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).

Alternatively, a singling field with both total number of actual transmitted SS blocks and offset could be used to indicate the actual transmitted SS block(s). Possible cases for the total number of actual transmitted SS block(s) could be same to the maximum number of the nominal SS blocks. However, only some cases could be used for the total number of actual transmitted SS block(s) with some offsets. For example, with frequency range 6GHz~52.6GHz, the possible total number of actual 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 actual transmitted SS blocks and offset, SS block timing indexes of the actual 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 actual 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 actual transmitted SS blocks with some offsets
4 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:
Proposal 1: It is proposed that both the radio frame timing and the half frame timing are identified through the PBCH data scrambling (e.g. for 20ms timing) and MIB (e.g. for 5ms), respectively.
Proposal 2:
To indicate actual 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 actual transmitted SS blocks with some offsets
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