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1 Introduction
In RAN1#88bis meeting, the following agreements are related to SS block time index.
Agreements:
· 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
· 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
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) 
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)

Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS
· 1 symbol NR-SSS
· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
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]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded
Note that above agreements are updated agreements.
Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Transmission scheme 
· Including antenna port relationship to NR-PSS and NR-SSS
· DMRS design
· Time index indication signaling 
· Content and corresponding payload
· Estimate
· Channel coding
· Mapping of NR-PBCH to SS blocks within NR-PBCH TTI
· Followings remaining issues need to be finalized by Nov. meeting
· Delivery of remaining system information
· Note that all RRC related aspects need to be finalized by Oct. meeting

In this contribution, we focus on the discussion of indication methods for the NR SS block time indices.

1 
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2 SS block timing index indication 
3 
According to the current agreement, the time index (including OFDM symbol, slot and frame) of an SS block should be indicated to UEs in PBCH. The following alternatives can be considered for SS block index indication:  
· Alt 1: Explicit indication in MIB;
· Alt 2: Implicit indication based on CRC;
· Alt 3: Sequence-based DMRS carrying hypotheses of SS block indices;
· Alt 4: Message-based new codeword to separately indicate SS block indices;

For Alt1, it is joint coding of the common and non-common information, e.g., 6-bit, of the SS blocks. For a UE, who is in the overlapped beams, could do the soft-combining to improve the PBCH detection. But in case of Alt1, it requires additional functionality and complicated decoding with multiple hypothesis to separately combine the common information across SS blocks within a NR-SS burst set. 
For Alt2, the large number of SS bocks, e.g., 64, increase the blind detection at the UE side. More hypotheses counting on the limited CRC bits, e.g., 16bits, result in higher error probability. The corresponding processing complexity considering more CRC/scrambling code check in PBCH decoding as well as the performance impact should be carefully investigated. 
Both Alt1 and Alt2 rely on reading the PBCH contents. However, according to RAN2 consensus, a CONN UE does not read MIB during UL reporting, especially for the neighbor cells. For the beam-level mobility based on NR-SS blocks, it is necessary to get the beam-specific RRM measurement. The NR-SS block index per NR-SS block represent its beam index during beam sweeping of a NR SS burst set. Based on the SS-beam-reporting, the network could use this knowledge to configure UE-specific CSI-RS from the selected beams/TRPs. Therefore, it seems that MIB-based solution, i.e., Alt1 or Alt2 will be violation of the RAN2 agreements. RAN1 should consider the block index indication separate from MIB or coded MIB, i.e., Alt3 or Alt4.  
Alt3 is a sequence-based indication method and the DMRS carrying hypotheses of SS block indices. It does not cost additional resources but leave more remaining REs for MIB. The 6-bit information of max 64 block indices is much smaller than MIB payload so that the sequence detection is more robust against Alt1 and Alt2. The binary m-sequence-based DMRS with freq-domain detection is simpler than the decoding. Also the sequence-based DMRS could be used for channel estimation for PBCH demodulation. The NR-SSS with same antenna port should be considered to get the channel estimation as the front-loaded RS before the PBCH symbols, which can be used for coherent detection of PBCH payload as well as DMRS sequence itself. More discussion on the PBCH performance gain of SSS together with DMRS is given in our companion tdoc [1]. In addition, UE can use the SS block index to determine symbol/slot/subframe/frame boundary based on the pre-defined SS block location. On top of PSS/SSS, the DMRS may be used as an additional synchronization signal.

For Alt4, a new codeword and new coding scheme need further study. Except DMRS REs, the remaining REs in PBCH symbols need to be split into two parts, i.e., some REs are for MIB payload and the other REs are for 6-bit indices. The comparison between Alt3 and Alt4 is illustrated in Table 1. Note that we consider the guard band (GB) in the PBCH symbols to avoid the interference from the multiplexed data if using different numerology. For illustration, we assume 1RB on each side as the GB and there are 264REs available per PBCH symbol. Around 1/4 DMRS overhead is considered for comparison, and thereafter around 63REs DMRS per symbol and the remaining 201REs for PBCH contents per symbol. As shown in TABLE 1, we can see that the MIB coding rate of Alt4 is much higher than that of Alt3. It is because the additional REs besides DMRS are required for the message-based SS block indices, which results in less remaining REs for MIB. Based on the discussion above, we propose Alt3 as a reasonable solution.

Proposal 1: Multiple NR-DMRS sequences are introduced to indicate the SS block index within an SS burst set. 


TABLE 1 
	
	LTE-PBCH
	Alt3 for NR-PBCH
	Alt4 for NR-PBCH

	
	MIB
	DMRS
	NR-MIB
	NR-DMRS
	NR-MIB
	NR-DMRS
	Message-based SS block indices

	Payload (bits)
	40
	0
	64
	6
	64
	0
	6

	# Mapped REs in one-shot
	240
	48
	402
	126
	276
	126
	126

	Modulation
	QPSK
	-
	QPSK
	BPSK
	QPSK
	-
	BPSK

	Effective one-shot coding rate
	1/12
	-
	1/12.6
	1/21
	1/8.6
	-
	1/21



3 SS block timing index detection performance 
Assuming TDMed consecutive 4 symbols of NR-PSS/SSS/PBCH, the DMRS sequences in PBCH symbols can use NR-SSS for coherent detection. FIGURE 1 shows two alternatives for the DMRS IFDMed in the PBCH symbols and the NR-SSS sequence of 127 length is mapped on the non-consecutive or consecutive subcarriers. Again we assume 2RBs as GB and remaining 22RBs with 264REs available in PBCH for illustration.
· Alt1: 127-length NR-SSS sequence mapping on every two subcarriers 
· DMRS is IFDMed in PBCH symbols.
· DMRS sequence of 63-length is distributed in 22RBs per PBCH symbol.
· NR-SSS over 22RBs can be used for coherent detected of the DMRS sequence.
· Alt2: 127-length NR-SSS sequence mapping on consecutive subcarriers
· DMRS is IFDMed in PBCH symbols.
· DMRS sequence of 63-length is distributed in the center 11RBs of the two PBCH symbols.
· NR-SSS over 11RBs can be used for coherent detected of the DMRS sequence.
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FIGURE 1 Multiplexing schemes

Without sacrificing the resources in PBCH for MIB, we propose to use multiple DMRS sequences for SS block timing index indication. The NR-DMRS sequence(s) could be based on the m-sequence for sake of detection simplicity. On top of that, the NR-DMRS with different cyclic shifts to carry the hypotheses of the NR-SS block indices within a NR SS burst set. To differentiate the NR SS blocks per cell, the DMRS sequence is scrambled by using a PN sequence generated based on the cell ID, in a similar way as LTE. 
Firstly, the NR-SSS is used for coherent detection of NR-DMRS sequences. The detection performance of DMRS sequences is expected to be much better than that of MIB detection since the ML detection for short sequence can achieve better performance than the message-based alternative. So it would not be the bottleneck of the performance of initial access. The channel estimation is achieved based on the detected DMRS together with NR-SSS so that the NR-PBCH decoding is more robust against the noise and interference due to Doppler and CFO. The NR-SSS and NR-PBCH symbols are next to each other and use same antenna. It efficiently avoid high DMRS overhead. According to the RAN1 agreement in last meeting, we should support maximum 64 NR SS blocks for above6GHz. We choose 1/4 REs in 264REs per symbol for DMRS based on the simulation analysis in [1]. The equivalent coding rate for 6-bit information is around 1/21 with BPSK, or equivalent 1/42 with QPSK, as shown in Table 1. It is similar to the coding rate of 1/48 of LTE MIB after 4-time repetition within PBCH TTI. 
	FIGURE 2 illustrates the DMRS detection performance based on NR-SSS coherent detection using Alt1 in FIGURE 1. The PBCH detection is also provided by using SSS and DMRS coherent detection, where ideal and realistic DMRS sequence detection are applied respectively. We can see that DMRS sequence detection is much more robust than that of PBCH, i.e., more than 4dB better at 1% BLER. The PBCH by using known DMRS sequence has similar BLER performance as that of the detected DMRS sequence. Therefore, there is no impact of the DMRS detection on the PBCH demodulation.
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FIGURE 2 DMRS and PBCH performance


Observation 1: NR-DMRS sequence detection for NR-SS block index identification is more robust than PBCH detection.

4 Conclusions
This contribution has examined design issues related to NR system information delivery in initial access, and made the following observations and proposals.
Proposal 1: Multiple NR-DMRS sequences are introduced to indicate the SS block index within an SS burst set.
Observation 1: NR-DMRS sequence detection for NR-SS block index identification is more robust than PBCH detection.
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Appendix A: Link-level Simulation Assumption for NR-PBCH 
Table A1: Evaluation assumptions 
	Parameters
	Above 6GHz

	Bandwidth
	69.12MHz

	Subcarrier spacing
	240kHz

	Carrier frequency
	30GHz

	FFT size
	512

	Delay spread
	30ns

	Modulation
	QPSK

	Period
	80ms / 1 or 4 times repetition

	Tx scheme
	1-port precoder cycling

	Velocity
	3km/h

	Channel model
	CDL-C

	[bookmark: _GoBack]sChannel estimation
	2D MMSE, DFT based denosing

	Channel coding
	1/3 TBCC
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