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1. Introduction
[bookmark: _GoBack]In this contribution, we discuss some of the remaining details related to NR-PBCH. In particular, we express our views on the initialization values for PBCH-DMRS sequences, half radio frame indication, and EPRE offset value between NR-SSS and PBCH-DMRS.

2. Initialization of DMRS Sequence 













As agreed in RAN1#90 [1], the PBCH-DMRS sequence initialization value is based on Cell ID and SS block time index carried by PBCH-DMRS. There are two possible ways to combine Cell ID and SS block time index into a single initialization value: linear and non-linear. For linear combination, we assume that both the SS block time index carried by PBCH-DMRS  and Cell ID  occupy dedicated non-overlapping bit positions in the binary representation of the initialization value . For example, in the linear case , [2], where  and . In the non-linear case, there are no bits solely dedicated to  and/or . To provide the non-linear combination of  and , their multiplication can be used, e.g., , [3]-[4]. It should be noted, that the non-linear approach to calculation of  allows to better randomize interference across different SS blocks making it non-stationary in the time domain. Similar approach was taken in LTE for initialization of all time-depended PN codes. The difference between the linear and non-linear combination for  derivation is illustrated in Figure 1. From the figure, it can be seen that in case of linear combination (Figure 1a) the CDF curves of cross-correlation real values are the same for all 8 different SS block indices. This means the stationary interference on PBCH-DMRS REs across all SS blocks for a particular pair of cell IDs. For the non-linear combination (Figure 1b), the CDF curves are different for different SS blocks, which means that interference on PBCH-DMRS REs changes from one SS block to another. In Figure 2 we illustrate how the cross-correlation real value may change across SS blocks for a particular pair of cell IDs when the linear and non-linear combinations are used. Please note that the cell ID values PCID1 and PCID2 were chosen to produce the highest observed cross-correlation real values for a particular SS block (e.g., block #5 in case of non-linear combination) or all SS blocks (in case of linear combination).









Another important aspect of DMRS design is the highest cross-correlation real value among all values obtained between any two different DMRS sequences. To address this aspect, it was proposed in [5] a DMRS design for PBCH with , where . The design provides the maximal cross-correlation real value of -5.9016 and preserves the non-linear combining of cell ID and SS block time index. However, for 4 cells with consecutive cell ID values and the same term , the design from [5] produces the same PBCH-DMRS sequences for a particular SS block. Of course, these DMRS sequence are mapped to adjacent subcarriers due to the frequency shift  agreed in the last meeting [6]. But this design decision may cause degradation of the channel estimation in situations with the residual frequency offset. Therefore, we propose an initialization value to have a unique DMRS sequence for any combination of cell ID and SS block index, as follows: . It can be seen, that the proposed initialization value has the non-linear combination of  and  for better interference randomization across SS blocks within the same SS burst set. Also, all bits from  are used in the proposed  to produce unique PBCH-DMRS sequences.
[image: ][image: ]
	(a) 	(b)
[bookmark: _Ref485424803]Figure 1. CDF curves of cross-correlation real values for PBCH-DMRS sequences.
[image: ]
[bookmark: _Ref492633305]Figure 2. Variation of the cross-correlation real value observed for two PBCH-DMRS sequences corresponding to fixed PCID1 and PCID2 values.
The comparison of the cross-correlation real values provided by different PBCH-DMRS designs is summarized in Table 1 and Table 2 for all combinations of cell ID and SS block index and for the same cell ID but different SS block indices, respectively. Corresponding CDF curves are given in Figure 3. Per block cross-correlation values provided in Figure 4.
[bookmark: _Ref494553853]Table 1. Summary of cross-correlation analysis of PBCH-DMRS designs for all combinations of cell ID and SS block index
	Design alternative
	cinit
	50%-tile
	95%-tile
	Max

	
	
	Linear
	Linear
	Linear
	dB

	Alt.1
	

	0.0069
	0.1042
	0.1806
	-7.4432

	Alt.2
	

	0.0
	0.0972
	0.4236
	-3.7304

	Alt.3
	

	0.0069
	0.1042
	0.2569
	-5.9024

	Alt.4
	

	0.0069
	0.1042
	0.25
	-6.0206


[bookmark: _Ref494553887]Table 2. Summary of cross-correlation analysis of PBCH-DMRS designs for the same cell ID and different SS block indices
	Design alternative
	cinit
	50%-tile
	95%-tile
	Max

	
	
	Linear
	Linear
	Linear
	dB

	Alt.1
	

	-0.0278
	0.1250
	0.1250
	-9.0309

	Alt.2
	

	0.0069
	0.1111
	0.3403
	-4.6814

	Alt.3
	

	0.0069
	0.0833
	0.2431
	-6.1422

	Alt.4
	

	0.0069
	0.0972
	0.2292
	-6.3979


[image: ][image: ]
	(a) (PCID1,SSBID1) & (PCID2,SSBID2) pairs	(b) (PCID1,SSBID1) & (PCID1,SSBID2) pairs
[bookmark: _Ref494554870]Figure 3. CDF curves of cross-correlation real values for PBCH-DMRS design alternatives.
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	(a)	(b)
[bookmark: _Ref494555647]Figure 4. Per block cross-correlation real values for PBCH-DMRS design alternatives.
Based on the discussion above and the results provided in Table 1 and Table 2 and Figure 1, Figure 2, Figure 3 and Figure 4 the following proposal can be made:
Proposal 1:
· The initialization value cinit for the PBCH-DMRS sequence is the non-linear combination of SS block time index and cell ID defined as follows:
· 


3. Half Radio Frame Indication 
There were different options for the half radio frame (HRF) indication discussed offline during 3GPP RAN1#90 and RAN1 NR Ad-Hoc#3 and in some contributions, e.g., [3]:
Opt.1:	Embed HRF index inside PBCH-DMRS sequence, e.g., via sequence initialization value cinit;
Opt.2:	Apply two different mapping rules for DMRS sequence to RE (i.e. 1st mapping rule (lowest frequency to highest) is applied for 1st HRF, and 2nd mapping rule (highest frequency to lowest) is applied for 2nd HRF.)
Opt.3:	Embed HRF as a phase of the PBCH OFDM symbols.
Opt.4:	Insert HRF inside the PBCH payload. Support only PRACH configurations with larger than 5 ms periodicity when the network is synchronized within a quarter of radio frame.

The main goal of all options above is to avoid PBCH decoding during handover. In our view, Opt.1-Opt.3 [3] are somewhat similar to each other. Eventually, these options can be converged to the blind testing of different hypotheses on PBCH-DMRS additionally extended by the hypotheses on HRF index value. Therefore, the joint detection of PBCH-DMRS and HRF index in Opt.1-Opt.3 implies the increase in the complexity of the UE implementation which should be avoided if possible.


The approach in Opt.4 repeats the strategy selected many years ago in LTE Rel-8. Let us recall that since LTE Rel-8 for frame structure 1 (FDD) ‘For PRACH configuration 0, 1, 2, 15, 16, 17, 18, 31, 32, 33, 34, 47, 48, 49, 50 and 63 the UE may for handover purposes assume an absolute value of the relative time difference between radio frame  in the current cell and the target cell of less than ’ (see [7], Section 5.7.1). In other words, for RACH configurations with periodicity 10 ms (one radio frame) the UE may assume that the LTE network is synchronized within 5 ms. The NR networks are expected to be more advanced than the LTE, and it is typical to require little bit tighter cell synchronization in NR than in LTE, for example, a quarter of radio frame.
Additionally, with Opt.4 we propose to have all timing-depended initialization of PN sequences to be wrapped around within 5 ms interval. These sequences are used for modulation of reference signals, e.g., DMRS for NR-PDCCH or CSI-RS, and scrambling of data/control channels. For example, if the sequence initialization of DMRS for NR-PDCCH and NR-PDCCH scrambling code are timing-depended but repeat with 5 ms periodicity, the UE doesn’t need to know HRF (i.e., decode PBCH) in order to decode and read RAR during handover. The same principle can be applicable for initialization of CSI-RS sequence used for L3 measurements.
Moreover, if the periodicity of CSI-RS transmission is larger than 10 ms and its sequence initialization is based on SFN, we propose to assume that the network is synchronized sufficiently in order the UE is to use the timing of the serving cell for neighbor cell measurements. Otherwise, the PBCH decoding is required to extract the SFN. In the latter case, we propose that L3 mobility measurements based on CSI-RS which periodicity is larger than 10 ms should be a part of UE capability.
Proposal 3:
· The half radio frame index is included in the NR-PBCH payload. Support only PRACH configurations with larger than 5 ms periodicity when the network is synchronized within a quarter of radio frame.
· All timing-depended initialization of PN sequences are wrapped around within 5 ms interval, i.e., it repeats with 5 ms periodicity.
Proposal 4:
· The periodicity of CSI-RS for L3 mobility is supported only in synchronized networks where the timing of the serving cell can be reused for neighbor cell measurements.
· Otherwise, L3 mobility measurements based on CSI-RS, which periodicity is larger than 10 ms, should be a part of UE capability.


4. EPRE Offset between NR-SSS and PBCH-DMRS, PBCH-DMRS and Data RE 
In 3GPP RAN1 NR Ad-Hoc#2 it was agreed to have a fixed power offset defined in the specification between NR-SSS and PBCH-DMRS per frequency band [8]. However, the exact values of the power offset were not set. Additionally, in 3GPP RAN1 NR Ad-Hoc#3 the following two alternatives were proposed during the discussion on minimum system bandwidth and multiple subcarrier spacing support [6]:
	Proposals:
· Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands
Continue discussion next meeting


More discussion on this topic can be found in our companion contribution [10].
The second alternative assumes the current 2 times larger bandwidth of NR-PBCH comparing to NR-PSS/SSS. If Alt.2 would be agreed, we propose to have 3 dB power offset of NR-SSS above the power level of PBCH-DMRS. Typically, the initial stage of cell search, i.e., time and frequency synchronization as well as cell ID detection is more prone to errors than subsequent PBCH decoding. An additional power boosting of 3 dB for NR-SSS may improve the cell search performance at the initial stage. The necessary TX power can be easily borrowed from the REs located outside the NR-SSS bandwidth but within the SS block bandwidth.
If Alt.1 would be taken, our preference is to have fixed power offset of 0 dB between NR-SSS and PBCH-DMRS.
Proposal 5:
· If the current relation between the bandwidths of NR-PBCH and NR-PSS/SSS remains, the NR-SSS has a fixed power offset of 3 dB above the power level of PBCH-DMRS.
· If the bandwidth of NR-PBCH would be reduced to the bandwidth of NR-PSS/SSS, the power offset between NR-SSS and PBCH-DMRS is fixed to 0 dB.

5. Conclusions
In this contribution, we discussed the remaining design aspects of physical broadcast channel. Our proposals are summarized as below:
Proposal 1:
· The initialization value cinit for the PBCH-DMRS sequence is the non-linear combination of SS block time index and cell ID defined as follows:
· 

Proposal 3:
· The half radio frame index is included in the NR-PBCH payload. Support only PRACH configurations with larger than 5 ms periodicity when the network is synchronized within a quarter of radio frame.
· All timing-depended initialization of PN sequences are wrapped around within 5 ms interval, i.e., it repeats with 5 ms periodicity.
Proposal 4:
· The periodicity of CSI-RS for L3 mobility is supported only in synchronized networks where the timing of the serving cell can be reused for neighbor cell measurements.
· Otherwise, L3 mobility measurements based on CSI-RS, which periodicity is larger than 10 ms, should be a part of UE capability.
Proposal 5:
· If the current relation between the bandwidths of NR-PBCH and NR-PSS/SSS remains, the NR-SSS has a fixed power offset of 3 dB above the power level of PBCH-DMRS.
· If the bandwidth of NR-PBCH would be reduced to the bandwidth of NR-PSS/SSS, the power offset between NR-SSS and PBCH-DMRS is fixed to 0 dB.
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