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1. Introduction

At the RAN1#91 meeting, remaining details on NR synchronization signals (NR-SS) were discussed and RAN1 made agreements and conclusions on the remaining details related to NR-SS [1]. At the RAN#78, it was declared that the first drop of Rel-15 NR normative work was completed [2].
In this contribution, we discuss on remaining issues regarding NR-SS including OFDM symbol generation as discussed in [3] and some clarifications on QCL assumption for SS/PBCH blocks (SSBs) and on bandwidth part (BWP) operation with SSB.
2. Remaining issues on Synchronization signal
2.1. OFDM symbol generation
At the last RAN1 meeting, an issue regarding OFDM symbol generation was identified and several options as below to solve the issue have been discussed in the meeting and email discussion [3-4].
	Option 1)

· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH as phase reference

· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of SS/PBCH as phase reference

· For all other signals/channels, gNB does not pre-compensate phase

· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation at the Rx side

Option 2)

· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH as phase reference

· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET as phase reference

· For all other signals/channels, gNB does not pre-compensate phase.

· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation at the Rx side

Option 3)

· gNB pre-compensates all OFDM symbols using Tx center frequency as phase reference

· It is expected that UE compensates phase of OFDM symbols at the Rx side using Rx center frequency as phase reference
Option 3a)

· gNB pre-compensates all OFDM symbols using a quantized version of Tx center frequency as phase reference

· It is expected that UE compensates phase of OFDM symbols at the Rx side using a quantized version of Rx center frequency as phase reference
· The quantization is commonly known to all devices and is independent of the cannel or carrier that is being processed


We think that Option 3/3a in which all signals and channels are treated in the same way are beneficial for both gNB and UE. In addition, we see the benefit of Option 3a which can ensure a good cut-off phase compensation periodicity such as 1 ms. Therefore, we prefer Option 3a for OFDM symbol generation.
Proposal 1: 

· gNB pre-compensates all OFDM symbols using a quantized version of Tx center frequency as phase reference
· It is expected that UE compensates phase of OFDM symbols at the Rx side using a quantized version of Rx center frequency as phase reference

· The quantization is commonly known to all devices and is independent of the cannel or carrier that is being processed
2.2. Clarification on QCL assumption for SSBs
At the last RAN1 meeting, multiple SS/PBCH blocks within a wideband carrier were discussed and RAN1 made following agreements and conclusion.

	Agreements:

· In Rel-15, no support of dedicated signalling of the location of additional multiple SS/PBCH blocks in frequency domain of a cell for rate matching purposes 
Agreements:

· No QCL indication for multiple SSBs in WB carrier for mobility purpose

· Note that indication for other purposes, e.g., BM is out of scope of the above

Conclusion:

· Multiple SSB based RRM measurement for a WB carrier is not supported in R15


Although multiple SSB based RRM measurement is not supported in Rel-15 NR, it is still possible that UE is configured with SSBs on different frequency locations within a carrier in following scenarios.
· Different base stations transmit SSBs on different frequency locations.

· For mobility measurement, UE may be configured to perform measurement on multiple SSB frequency locations via multiple measurement objects, and in such case UE performs measurement on multiple SSB frequency locations independently.

· One base station transmits SSBs on multiple frequency locations for different purposes.

· For example, UE may be configured with multiple SSB frequency locations for different purposes such as measurement and RLM/BM.

Regarding QCL assumption among SSBs on different frequency locations, there is no RAN1 agreements and current 38.211 specification just describes following texts in section 7.4.3.1 as QCL assumption among SSBs on the same frequency location.
	The UE may assume that SS/PBCH blocks transmitted with the same block index are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.


If UE may assume SSBs with same block index on different frequency locations are QCLed, UE may use this assumption in above scenarios to improve the measurement/RLM/BM and so on. However, it is a restriction on operation and will cause backward compatibility issue when multiple TRxPs or antenna panels operation is introduced. Therefore, we propose to clarify that UE shall not assume that SSBs with same block index on different frequency locations are quasi-colocated.
Proposal 2: UE shall not assume that SSBs with same block index on different frequency locations are quasi-colocated.

· Corresponding texts in section 7.4.3.1 of TS 38.211 should be revised as below.

	The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions including SS/PBCH block transmissions even with the same block index on the different center frequency locations.


2.3. BWP operation with SSB
At the RAN1#90bis meeting, RAN1 made agreement regarding the definition of initial active DL bandwidth part. It is captured in section 12 of current 38.213 specification as below.
	An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space.


In addition, at the RAN1#91 meeting, RAN1 made working assumption to support multiplexing patterns shown in Figure 1.
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Figure 1: Multiplexing patterns
If we follow the agreed definition of the initial active DL BWP, SSB is located within initial active DL BWP only in case of multiplexing pattern 1, i.e., SSB is located outside the initial active DL BWP in case of multiplexing pattern 2 and 3. For the case where the active DL BWP does not contain SSB, there are several limitations, e.g., measurement on SSB requires measurement gap, RLM is performed only within the active DL BWP and so on. Such limitations are necessary if UE is required to perform RF retuning or bandwidth expansion to receive SSB outside the active DL BWP. However, initial active DL BWP in case of above pattern 2/3 would not require such limitation since UE mandatory bandwidth could cover both CORESET/RMSI PDSCH and SSB even in pattern 2/3. Therefore, we propose that for BWP operation with initial active DL BWP based on multiplexing pattern 2/3, UE behavior and requirements are those for the case where SSB is located within the active DL BWP.
Proposal 3: For BWP operation with initial active DL BWP based on multiplexing pattern 2/3, UE behavior and requirements are those for the case where SSB is located within the active DL BWP.
· Corresponding texts in section 12 of TS 38.213 should be revised as below.
	An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space. For operation on the primary cell with initial active DL BWP, UE behaviour is based on the assumption that SS/PBCH block defining the cell is transmitted within the active DL BWP irrespective of SS/PBCH block and control resource set (CORESET) multiplexing pattern defined in Subclause 13.


3. Conclusion
In this contribution, we discussed on remaining issues regarding NR-SS including OFDM symbol generation, clarification on QCL assumption for SSBs and BWP operation with SSB.

Based on the discussion above, we made following proposals.

Proposal 1: 

· gNB pre-compensates all OFDM symbols using a quantized version of Tx center frequency as phase reference
· It is expected that UE compensates phase of OFDM symbols at the Rx side using a quantized version of Rx center frequency as phase reference

· The quantization is commonly known to all devices and is independent of the cannel or carrier that is being processed
Proposal 2: UE shall not assume that SSBs with same block index on different frequency locations are quasi-colocated.

· Corresponding texts in section 7.4.3.1 of TS 38.211 should be revised as below.

	The UE may assume that SS/PBCH blocks transmitted with the same block index on the same frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions including SS/PBCH block transmissions even with the same block index on the different frequency locations.


Proposal 3: For BWP operation with initial active DL BWP based on multiplexing pattern 2/3, UE behavior and requirements are those for the case where SSB is located within the active DL BWP.
· Corresponding texts in section 12 of TS 38.213 should be revised as below.
	An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic prefix, for the control resource set for Type0-PDCCH common search space. For operation on the primary cell with initial active DL BWP, UE behaviour is based on the assumption that SS/PBCH block defining the cell is transmitted within the active DL BWP irrespective of SS/PBCH block and control resource set (CORESET) multiplexing pattern defined in Subclause 13.
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