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1 Introduction
In RAN1 #90bis meeting, the following agreements and working assumptions on NR SS block were achieved [1]. 

Agreements:

· The following working assumption is confirmed:

· For other channels, the UE assumes SS/PBCH block transmission according to the signaling in RMSI

· FFS: Confirm for each channel

· The signaling in RMSI is only for the associated SS/PBCH block

Agreements:

· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 

· The indication is per frequency layer

· The UE is not required to measure SS blocks not indicated as transmitted

· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 

· The signaling method is applicable to both intra- and inter-frequency measurements

· For connected mode:

· The signaling is via RRC and a full bitmap with length L 

· For idle mode

· No indication from gNB

· Note: this means that all SS blocks within the SMTC measurement duration 

Agreements:

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

· After initial cell selection, the UE is expected to find a single SCS per frequency layer
· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB

· Agreed in R1-1715071 with following updates

· RAN1#89 agreed on the possibility for transmitting multiple SS blocks (SSBs) in the frequency domain within a wideband carrier. 
    In this paper, we discuss the remaining issues on the indication of actual transmitted SS blocks, and provide the simulation results to evaluate the impact on the change of PBCH bandwidth.
2 Indication of actual transmitted SS blocks for rate match
It has been confirmed in [1] that the actual transmitted SS block indication for rate matching purpose should be performed in RMSI for both IDLE/CONNECTED UE. Due to the limited space in RMSI, the alternative methods in the working assumption should be down selected while taking the tradeoff between the overhead and flexibility into consideration. 

Using full bitmap to indicate the complete actual transmitted SS blocks introduce the most overhead and it may not be necessary to provide this level of granularity. Using the group-bitmap + bitmap in group supports both consecutive and comb-like SS block mapping, and gives a fair trade-off between resource consumption and flexibility. For example, in comb-like implementation, some of the SS blocks positions may be used as mini-slots to support the URLLC data transmission. Note that the bitmap in group assumes the same SS block bitmap across different SS block groups. 
Proposal 1: Confirm the working assumption of group bitmap + bitmap in group as the compressed form for indicating the actually transmitted SS blocks in RMSI for over 6GHz case.
The RMSI update periodicity is left for down selection between 80ms and 160ms [1], both of which are quite long compared to the periodicity of SS burst set. Therefore, in urgent case, UE may update to another pattern of actual transmitted SS blocks according to the received RRC message until refreshing by the next RMSI. 

Proposal 2: The indication of actual transmitted SS blocks send by RMSI can be reconfigured by the RRC message during an RMSI period.
3 Signaling design of indicator
The indication of actual transmitted SS blocks in RMSI is simple since the indicator is unique for the serving cell. Thus a certain size of resource in RMSI should be reserved, and the size depends on the exact indication scheme, e.g., for group bitmap + bitmap in group, 16 bits should be reserved.

The indicator in RRC message is more complex as the UE deems to identify the information of actual transmitted SS blocks for different neighboring cells. Hence the indication message contains at least the neighboring cell ID and corresponding actual transmitted SS blocks. 
In NR, the frequency location of SS block is configurable and can be different from cell to cell. Therefore the frequency location information of SS block of all neighboring cell should also be indicated to the UE.  
The RRC content may have the following options:

· Opt1. Cell ID + time index of actual transmitted SS blocks + frequency location.

· Opt2. Cell ID + time index of actual transmitted SS blocks.

· Opt3. Time index of actual transmitted SS blocks + frequency location.

· Opt4. Time index of actual transmitted SS blocks only.

Option 1 provides the most detailed information within an RRC message. Option 2 assumes the frequency locations of the neighboring cells are known as it is more stationary for each cell comparing to the actual transmitted SS blocks. Option 3 and option 4 omit the Cell ID, in the case that in RMSI or OSI a list of neighboring cells is maintained and delivered to the UE. Then the time or frequency locations can be delivered sequentially. 
Proposal 3: The indication of actual transmitted SS blocks sent by RRC signaling should contain at least the time index of actual transmitted SS blocks, and may further provide the Cell ID and the frequency locations of the SS blocks of each neighboring cell.
4 Indication of additional SSBs in a wideband carrier
In the offline discussion of RAN1 #90bis meeting, it has been left as an open issue to indicate the additional SSBs in wideband carrier.The SS burst sets in different frequency positions may be configured with different periodicities, time positions and transmission patterns, which is illustrated in Figure 1. 
It is beneficial for the UE to perform rate match with the knowledge of actual transmitted SSBs in corresponding DL BWP. Instead of performing SS detection on every frequency positions, UE only needs to camp on one frequency position while the information of the SSB configurations(i.e., the actual frequency and time positions of SSB) on other carriers are indicated to the UE for rate matching.
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Figure 1. Example for SSBs with different configurations in different frequency positions
Specifically, the indication of the additional SSBs in wideband may have the following options:
· Option 1. The detailed information of the additional SSBs is indicated in RRC signaling 
· Option 2. The common information is indicated in RMSI and the UE specific information is indicated in RRC signaling.
Option 1 enables the most flexible configuration with the sacrifice of overhead. Alternatively, option 2 transmits the common part of SSB configurations of different frequency positions to the UE in RMSI. The common information means either the periodicity, time position or transmission pattern is the same across all the frequency positions, then this information is broadcast to avoid the duplicated transmission. It is preferable to adopt option 2 to reduce the overhead.
Proposal 4: The additional SSBs in wideband can be indicated by RMSI +RRC signaling.
5 The impact of PBCH BW reduction
In the RAN1#90bis meeting [1], it has been agreed to reduce the bandwidth of PBCH in each SS block, and the working assumption of reducing PBCH bandwidth to 20 PRBs has been made. Figure 2 illustrates the change of SS block configuration due to this agreement.
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Figure 2. The SS block configuration before (a) and after (b) the PBCH bandwidth reduction.
According to this agreement, some PBCH REs are moved to the OFDM symbol carrying NR SSS, but since they are allocated to subcarriers not occupied by NR SSS REs or reserved as SSS guard band, there is no interference between the PBCH and SSS. In addition, after PBCH bandwidth reduction, the two PBCH OFDM symbols contain less number of PBCH REs, and so their corresponding EPRE can be increased if the maximum transmission power per OFDM symbol is unchanged. As a consequence, the EPRE of NR SSS is also increased following the working assumption that the EPRE offset between the SSS RE and PBCH DMRS RE is 0 dB. This resultant increase of NR SSS transmission power is expected to bring improved NR SSS detection performance and in turn a higher cell ID detection probability. Similar impact applies to the PBCH-DMRS as it is also gold sequence based signal and the improvement is brought by the increased EPRE. 
Figure 3 shows that in a single-TRP system, the reduction of PBCH bandwidth does bring improved one-shot cell ID detection performance. Similar observations can be made in the 3-TRP system as shown in Figure 4. Also the cell ID detection latency is improved after the PBCH bandwidth reduction, which is shown in Figure 5. The detailed simulation setting can be found in Appendix A. 
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Figure 3. One-shot cell ID detection performance of a single-TRP system with 4GHz carrier frequency and 15 kHz subcarrier spacing in the initial access scenario.
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Figure 4. One-shot cell ID detection performance of a 3-TRP system with 4GHz carrier frequency and 15 kHz subcarrier spacing in the initial access scenario.
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Figure 5. Cell ID detection latency of a 3-TRP system with 4GHz carrier frequency and 15 kHz subcarrier spacing in the initial access scenario.
Based on the above results, we can observe that the PBCH bandwidth reduction does not degrade the NR cell search performance. Instead, its performance is improved, thanks to the increased EPRE of NR SSS. 
Observation 1: There is no issue for the NR SS detection performance brought by the agreement of PBCH bandwidth reduction.
Proposal 5: Confirm the working assumption to reduce the PBCH bandwidth to 20 PRBs per symbol and add 8 PBCH PRBs to SSS symbol with no other redesign.  

6 Conclusions
In this paper, we discuss the remaining issues of SS blocks and the following proposals is made.

Proposal 1: Confirm the working assumption of group bitmap + bitmap in group as the compressed form for indicating the actually transmitted SS blocks in RMSI for over 6GHz case.
Proposal 2: The indication of actual transmitted SS blocks send by RMSI can be reconfigured by the RRC message during an RMSI period.
Proposal 3: The indication of actual transmitted SS blocks send by RRC signaling should contain at least the time index of actual transmitted SS blocks, and may further provide the Cell ID and the frequency locations of the SS blocks of each neighboring cell.
Proposal 4: The additional SSBs in wideband can be indicated by RMSI +RRC signaling.
Proposal 5: Confirm the working assumption to reduce the PBCH bandwidth to 20 PRBs per symbol and add 8 PBCH PRBs to SSS symbol with no other redesign.  
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Appendix A. Simulation Setting for Figures 3~5
We evaluate the NR SS performance in a system with 4 GHz carrier frequency and 15 kHz subcarrier spacing (SCS). Both the single cell (i.e., 1 TRP) and multi-cell (i.e., 3 TRPs) cases are considered. In the 3-TRP case, each TRP transmits a pair of PSS and SSS sequences carrying a unique cell ID. Their transmitted PSS sequences can be either the same or different (marked as “Diff. PSS” and “Same PSS” in the figures, respectively). At each TRP, the SS block illustrated in Figure 2 is transmitted with an SS burst period of 20 ms as agreed. The NR PSS and SSS are both located at the central 127 subcarriers. When the SS block bandwidth is 24 PRBs, the rest subcarriers of the NR PSS/SSS OFDM symbols at the lower and upper ends of the SS bandwidth unused to act as guard bands. When the SS block bandwidth is 20 PRBs, the 4 PRBs at each end of the NR SSS OFDM symbol is occupied by the PBCH REs. The FFT size is set at 256. The frame structure is similar to that for LTE, i.e., within one SS burst period (20 ms), there are 40 slots with duration 0.5ms, each containing 7 OFDM symbols. With 256 point FFT, the cyclic prefix (CP) length is 20 samples for the first OFDM symbol and 18 samples for the remaining 6 OFDM symbols in each slot. For the PBCH REs and OFDM symbols not occupied by PSS/SSS or reserved as guard bands in each SS burst period, the corresponding frequency domain sequences are generated by allocating random QPSK symbols on each subcarrier. The other simulation settings are detailed in Table A-1.
Table A-1. Link level evaluation assumption

	Carrier frequency
	4 GHz

	Channel model
	CDL-C channel model

· With delay scaling values of 100 ns;

· (ASD, ASA, ZSD,ZSA) = (5, 30, 1, 5) degrees

· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA.

	Subcarrier spacing
	15 kHz

	SNR
	-12~0 dB

	UE speed
	3 km/h, 120km/h

	FFT size
	256 

	Search window
	20 ms (one SS burst period)

	TRP/UE antenna configuration
	(1,1,2) with omni-directional antenna element

	Frequency offset
	Initial acquisition

· TRP: uniform distribution +/- 0.05ppm

· UE: uniform distribution +/- 5ppm

	Number of TRPs
	1 TRP;

3 TRPs (the received signal power ratio is 1:1:1, and the time delays of the other two TRPs relative to the first TRP are uniformly distributed within [image: image8.png][-3,3]



 us, or equivalently [-12, 12] samples. 


We consider the initial acquisition case where the frequency offset before detection is large, e.g., up to [image: image10.png]+/—0.05



 ppm at TRP and [image: image12.png]+/-5



 ppm at UE, the corresponding maximum frequency offset including the UE mobility effect is about 20 kHz, or equivalently 1.35 SCS. Since this value is relatively large, some operation should be considered to combat large frequency offsets. After comparison among different combinations of the numbers of frequency offset hypotheses and partial correlations, we choose to adopt 2-segment partial correlation and 3 frequency offset hypotheses (i.e., 0 and +/(1.0 of the SCS) for PSS detection. The UE is required to successfully detect at least one cell ID of one or three TRPs using the following detection method.

· PSS detection: The PSS is first detected in the time domain via sliding window with a first threshold. A matched filter of length N = 256 is adopted, and the first threshold is selected such that the false alarm probability (FAP) of PSS detection is no higher than 0.01. The FAP is defined assuming AWGN at the matched filter input only. Multiple frequency offset hypothesis testing and partial correlation are applied. A hypothesis of time delay, frequency offset and PSS sequence index is claimed to be detected if the corresponding correlation output power is larger than the first threshold. After PSS detection, at most 9 detected hypotheses are stored, and frequency offset estimation is performed under each detected hypothesis based on the detected PSS sequence using the method in [2];

· SSS detection: Given each hypothesis that passes the PSS detection, we further perform the SSS detection in the frequency domain via non-coherent correlation between all candidate SSS sequences associated with the detected PSS sequence and the received signal segment corresponding to SSS derived from the time delay hypothesis. A second threshold will be further adopted in the SSS detection to reject the unreliable SSS detection output, which is selected such that the FAP of SSS detection is no higher than 0.01. Here again, the FAP is defined assuming AWGN at the SSS correlator input only. For each hypothesis that passes the PSS detection, at most 3 candidate SSS sequences that lead to a normalized correlation power higher than the second threshold is claimed to pass the SSS detection. That is to say, at most [image: image14.png]9x3

27



 pairs of PSS and SSS sequences will be stored after SSS detection. 

· Cell ID detection: Among the up to 27 pairs of PSS and SSS sequences that are detected in the previous two steps, at most 1 unique PSS-SSS pair that have the highest normalized SSS correlation output values are selected. The corresponding cell ID are claimed as the detected cell ID.  

The cell ID detection probability is defined as the probability that one cell ID among those transmitted by the TRP(s) are successfully detected, and the corresponding residual time offset is within half CP length.
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