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1. Introduction
In this contribution, we discuss the following remaining issues on synchronization signal: 
· UE-specific RRC signaling for Rate matching
· SS blocks collision
· SS block structure
· SS blocks repetition
2. Discussion
2.1. UE-specific RRC signaling for Rate matching 
In previous RAN1 meetings, for rate matching purpose, some agreements regarding actual transmitted SS block indication have been achieved [1][2]: 
Agreements:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
Agreements:
· For rate matching purpose

· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 

· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 

Agreements:
· Confirm working assumption of: 

· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks

For the full bitmap in RRC based signaling, we have the following observations for the potential usage scenarios and benefits:
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Figure 1.  Spatial multiplexing between SSB and UE-specific PDSCH
· This indicator has a finer resolution than the compressed indicator in RMSI, enabling higher flexibility for NW deployment to meet different requirements, as well as providing a more accurate SS block resource indication in above 6GHz case. 

· Moreover, it changes dynamically according to the NW load balancing or RRM measurement purpose while the RMSI based one is more static due to no SI changes is expected until current modification period expires. For instance, gNB may switch on or off some temporary SS blocks from measurement perspective and soon restore to its former state after receiving measurement report from UE. More or less SS blocks can be signaled in RRC than that of RMSI, and UE simple follows RRC signaling based on RAN1 NR#3 agreements and no extra UE behavior is needed to be specified.
· In principle, UE should know the exact rate-matching patterns to avoid potential decoding failure. This indicator is necessary for UE for rate-matching purpose since SS block resources informed by RRC may differ with that according to RMSI in some cases, specifically when SS block and UE-specific PDSCH share the same T/F resources but are delivered through different directional beams as shown in Figure 1. This use case can be regarded as an gNB implementation when gNB has the capability with multi-panel or full digital beamforming system. Less SS blocks can be signaled by RRC and no extra UE behavior is needed to be specified.
Based on above discussion, we have the following proposal:
Proposal 1: When more or less SS blocks is signaled in RRC than that of RMSI, UE assumes SS/PBCH block transmission according to the bitmap in RRC based signaling, and no extra UE behavior is needed to be specified.
2.2. SS blocks collision
In previous meetings, two mapping patterns have been agreed for 30 kHz SS SCS [3][4]. LG provided one collision issue of SS block set composition with 120/240kHz SCS in RAN1#90 [1]. Apart from the problem LG mentioned, there still exist some collision cases in below 6GHz based on the agreed SS block mapping patterns and SS burst set composition with 15/30 kHz subcarrier spacing. Collision cases 1/2/3 are depicted in Figure 2, Figure 3 and Figure 4.
The red squares show that SS blocks have overlapped with symbols reserved for GP and/or UL/DL control, which may affect proper transmission. As shown in Figure 2, the GP and UL control of the first/third slot, DL control of the second/fourth slot, can’t be used in case 1 mapping pattern. If only DL transmission is allowed in the overlapped region, collision can be avoided. However, larger DL control signaling overhead is needed as the candidate SS blocks have across two slots. For case 2 as shown in Figure 3, interference between uplink and downlink during switching will be introduced since symbol reserved for GP in the 14 symbols slot with 15 kHz SCS collides with the fourth candidate SS block. Figure 4 shows a similar issue in case 3. It is noted that these collision issues exist only in TDD system but not FDD system.
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Figure 2. Collision issue in case 1
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Figure 3. Collision issue in case 2
[image: image4.png]15kHz SS block & 60kHz data collision

1slot = 1ms
e
538 (15KkH2) slot
data (60KHZ) slot 230t ~035ms
o 1 2 H 2 s 5 7 5 o 10
558 (15KkHz) symbol 5982
o[x]2[z[=[s]s]7e]o o[zl o] 2 |2[2]=[5[s] 7 [e]o [souz=[z[ o[22z |2[5 & [e] o sofaf e[zl o[ 2]]2
data (60kHz) symbol[oL[o] EmERER EmEE, EmEE,
oo EmEE,





Figure 4. Collision issue in case 3
To address the collision problem, we can consider 4 possible solutions:
· Solution 1: These cases are regarded as unnormal configurations and are forbidden in NR-TDD system.
· Solution 2: Restrict the transmission direction in the collided region, only DL transmission is allowed.
· Solution 3: Modify SS burst set composition for 30kHz SS block pattern 2, see Appendix B.
· Solution 4: Modify 30kHz SS block pattern 2 and corresponding SS burst set composition, see Appendix B.
Pros and cons of above solutions are analyzed in Appendix B. To avoid introducing large changes on RAN1 specs, we propose to adopt solution 1 and solution 2.
Observation 1: Collision between SS block and GP, UL/DL control occurs during the multiplexing of:

· SCS 30kHz SS block (pattern1) and SCS 60kHz data 

· SCS 30kHz SS block (pattern2) and SCS 15kHz data

· SCS 15kHz SS block and SCS 60kHz data
Observation 2: Collision between SS block and GP, UL/DL control doesn’t exist in FDD system.
Proposal 2: Adopting solutions with no or minor change on the agreed SS burst set design to solve the remaining collision issues.

· Restrict the deployment of collision cases in NR-TDD system;

· Restrict the transmission direction in the collided region, e.g. only DL transmission for collision region.
2.3. SS block structure
As agreed in [5], to reduce the sync raster entries in initial cell search, for both sub-6 and above-6 GHz frequency range cases, the number of PBCH PRB per symbol is revised to X=20 PRB, and Y=8 PBCH PRBs are moved to SSS symbol. In this case, the number of PBCH&PBCH-DMRS REs remains unchanged compared with the conventional design. Note that, it is not rational to transmit any other physical signal/channel in the unused resource in PSS symbol, which may deteriorate the PSS timing performance if the SS block is received using the filter with SS block bandwidth. Otherwise, one additional filter with PSS bandwidths need to be employed to eliminate the interference in time domain, in addition the original filter with SS block bandwidth to receive PBCH; thus two filters are needed for SS block reception, which will lead to higher processing complexity and cost from UE perspective. During initial access procedure, only one narrow filter with SSB bandwidth is recommended.
As common understanding, timing is of great importance for OFDM system, especially for NR system with multiple numerologies, the sample rate is higher than that of LTE. To improve timing accuracy, the power boosting for PSS can be potentially applied by making use of unused 4 PRBs on both sides of PSS within the SS block. PSS power boosting can be regarded as a gNB implementation issue, as PBCH demodulation, SSB RRM/RLM, and Pathloss estimation will not depend on PSS.
Proposal 3: Confirm working assumption that reduce the PBCH to 20 PRBs per symbol and add 8 PBCH PRBs to SSS symbol.
Proposal 4: UE assumes no physical signal/channel other than PSS is transmitted on the 1st symbol of an SS block within its bandwidth.
2.4. SS blocks repetition
For SS block repetition, we have the following observations for the potential usage scenarios and advantages:
· SS block repetition in frequency/time domain can potentially improve RRM measurement accuracy and reduce measurement window, which is beneficial for UE power saving. SS block repetition in wider bandwidth case is quite similar to LTE wide bandwidth Measurement if UE has wide bandwidth capability. 
· For high-speed scenario, SS block repetition can provide robust to against high Doppler and fine frequency offset estimation to guarantee the performance of PSS/SSS and PBCH.
· SS block repetition pattern can be used to aid uplink beam training, especially in case SS block repetition pattern can be obtained during initial access procedure.
Some advantages can be obtained for UE CONNECTED mode, assuming SS block repetitions are QCLed with respect to spatial, average gain, delay and Doppler parameters. And some advantages are only useful for UE IDLE mode or initial access procedure.

The indication of SS block repetition pattern can be similar to the indication of actual transmitted SS blocks, by UE-specific RRC signaling and/or RMSI. In addition, Group-bitmap and the number of repetition factor can be jointly used for the indication of SS block repetition to reduce indication overhead. 

If SS block repetition pattern can be implicitly inferred from MIB information, such as associating CORESET configuration information for RMSI scheduling with SS block repetition pattern, much more advantages can be obtained, e.g. coverage planning, improve the performance of PSS/SSS and PBCH, and accelerate uplink beam training.

Proposal 5: SS block repetition pattern in frequency/time domain can be indicated by UE-specific RRC signaling and/or RMSI and/or implicitly inferred from MIB information.
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Figure 5. SS block repetition
3. Conclusion

This contribution has discussed remaining issues on synchronization signal with the following observations and proposals:
Observation 1: Collision between SS block and GP, UL/DL control occurs during the multiplexing of:
· SCS 30kHz SS block (pattern1) and SCS 60kHz data 

· SCS 30kHz SS block (pattern2) and SCS 15kHz data

· SCS 15kHz SS block and SCS 60kHz data
Observation 2: Collision between SS block and GP, UL/DL control doesn’t exist in FDD system.
Proposal 1: When more or less SS blocks is signaled in RRC than that of RMSI, UE assumes SS/PBCH block transmission according to the bitmap in RRC based signaling, and no extra UE behavior is needed to be specified.
Proposal 2: Adopting solutions with no or minor change on the agreed SS burst set design to solve the remaining collision issues.
Proposal 3: Confirm working assumption that reduce the PBCH to 20 PRBs per symbol and add 8 PBCH PRBs to SSS symbol.


 REF proposal4 \h 

Proposal 4: UE assumes no physical signal/channel other than PSS is transmitted on the 1st symbol of an SS block within its bandwidth.

Proposal 5: SS block repetition pattern in frequency/time domain can be indicated by UE-specific RRC signaling and/or RMSI and/or implicitly inferred from MIB information.
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Appendix A: 

The following was agreed in previous RAN1 meeting for SS block with 15/30kHz SCS:
Agreements in RAN1#89 [1] 

· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarrier spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols

· Note: slot is defined based on SS subcarrier spacing

· At most two possible SS block time locations are mapped to one slot of 14 symbols

Agreements in RAN1 NR AH#2 [4]
· For 15 kHz subcarrier spacing case,

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11

· For 30 kHz subcarrier spacing case, the first SS block mapping pattern is

· Preserve 4 symbols for DL control at the beginning of the first slot of 14 symbols

· Allows larger aggregation level for DL control for 15kHz and 30kHz sub-carrier spacing

· Allow TDM multiplexing of at least one SS block within LTE subframe

· Preserve 2 symbols at the end of the first slot of 14 symbols are preserved for e.g. guard period and UL control for 30kHz

· Preserve 2 symbols for DL control at the beginning of the second slot of 14 symbols

· E.g. DL control for 30kHz

· Preserve 4 symbols at the end of the second slot of 14 symbols are preserved for e.g. guard period and UL control

· Enables TDM operation with 15kHz 14 symbol slot control

· Map two SS blocks candidate locations to the first slot of 14 symbols as follows

· First candidate location is at symbols 4-7

· Second candidate location is at symbols 8-11

· Map another two SS blocks candidate locations to the second slot of 14 symbols as follows

· Third candidate location is at symbols 2-5

· 4th candidate location is at symbols 6-9
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· For 30 kHz subcarrier spacing case, the second SS block mapping pattern is

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11

· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band 

· SS/PBCH Burst Set Composition

· For 30 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
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Appendix B:
Solution 3 and solution 4 
Solution 3 can be written as follows:

· For 30 kHz SS block pattern 2 case, the SS burst set composition is:

· If L = 4, the mapping slot in a half radio frame have indexes {0,2}.
· If L = 8, the mapping slot in a half radio frame have indexes {0,2,4,6}.
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Figure 6. Modified SS burst set composition of 30kHz SS block pattern 2

Solution 4 can be written as follows:

· For 30 kHz subcarrier spacing case, the second SS block mapping pattern is

· Map 1 SS block candidate location to the first slot of 14 symbols as follows

· candidate location is: symbol 8-11

· Map 1 SS block candidate location to the second slot of 14 symbols as follows

· candidate location is: symbol 2-5

· For 30 kHz SS block pattern 2 case, the SS burst set composition is:

· If L = 4, the mapping slot in a half radio frame have indexes {0,1,2,3}. 
· If L = 8, the mapping slot in a half radio frame have indexes {0,1,2,3,4,5,6,7}.
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Figure 7. Modified pattern 2 for SCS 30kHz and SS block burst set composition in 5ms window
Comparison of 4 solutions
Pros and cons of above solutions are analyzed as below:

	pros
	cons

	Solution 1
· Less blind detection required

· No change on agreed SS burst set design
	Solution 1
· results a restriction on NW deployment flexibility

	Solution 2
· full NW deployment flexibility

· Minor changes on agreed SS burst set design
	Solution 2
· mandates NW to choose DL transmission at the collided region 

· violates agreements on “At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols” for 15/30kHz SCS
· a larger overhead of DL control signaling 
· This may lead to long absence of uplink transmission

	Solution 3
· Minor changes in agreed the second SS block pattern
	Solution 3
· introduces an SS burst set composition for 30kHz SS block pattern 2 

· results a longer transmission duration compared to the previous agreed SS burst composition

	Solution 4
· More available symbols for URLLC services
	Solution 4
· redesigns the second SS block mapping pattern for SS block with 30kHz SCS

· introduce an additional SS burst set composition

· results a longer transmission duration compared to the previous agreed SS burst composition
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