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1. Introduction
In RAN1 #90 meeting, the following agreements were made regarding the QCL of SS/PBCH blocks. 
Agreements:
· A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated with respect to spatial, average gain, delay, and Doppler parameters
· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters
· FFS: Whether the network indication of SS block repetition and the impact on QCL assumption
· Note: In the above agreements, gNB has the flexibility to use different physical beam(s) and its mapping  for the SS/PBCH block transmission

· Note: The case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not quasi-collocated with respect to spatial, average gain, delay, and [Doppler] parameters is not specified
It was also discussed that network indication of SS block repetition should be supported. However, there were some concerns on the use cases for such operation and the corresponding spec impacts. In this contribution, we provide our views on these issues.
2. Discussion on SS block repetition
2.1 Definition 
In NR design, it was agreed that single-beam based operation as well as multi-beam operation are both supported and share a common design framework, where both repetition and beam sweeping can be considered. 
The multi-beam sweeping has been extensively discussed in previous RAN1 meetings. However, the repetition schemes are not well discussed. 

In this contribution, we mainly discuss about the SS block repetition transmission, including its use cases and corresponding spec impacts. Specifically, the focus is on whether the SS blocks  with different index within one SS burst set will be QCLed and indicated to UE.
2.2 Use cases for SS block repetition 

The following scenarios are considered as necessary for SS block repetition transmission. 
1) For easy cell/beam planning in network deployment
For multi-beam sweeping SS block transmission, from network planning perspective, the beamforming vector at each gNB should be carefully designed for the cell coverage.  To reduce the burden of such operation at every gNB, it is expected to use a fewer number of beamforming vectors for cell coverage. To maintain the same coverage as the narrow beam sweeping, it is expected repetition of SS blocks is needed.
2) For reducing UE measurement duration and possibly RMSI reading latency and overhead
For RRM measurement based on SS block for both IDLE and CONNECTED UEs, the UE needs to measure RSRP on several instances of the same SS block to obtain the measurement results. For non-repetition case, the UE needs to measure on N SS burst set periodicities to obtain SS-RSRP, however for the repetition case where K of the L SS blocks within the SS burst set are QCLed, the UE only needs to measure on N/K SS burst set periodicities. 

If this information can be provided prior to RMSI, the RMSI reading latency can even be reduced. Moreover, if two SS blocks in an SS burst set are QCLed, the associated RMSI can be the same and share the same CORESET and PDSCH transmission, thus the RMSI overhead can be reduced. 
3) For faster and higher-accuracy time and frequency tracking in NSA and high speed train scenarios
In LTE, fine T/F tracking is based on CRS which exists in every subframe. In LTE, four subframes are needed after PSS/SS detection to acquire fine T/F synchronization. In NR, fine time/frequency (T/F) tracking is at least based on SS block (at least for PBCH detection). When there is no QCL assumption for SS blocks within an SS burst set, several SS burst set periodicities are needed to fine T/F synchronization. 
Indicating SS block QCL relationship will improve T/F tracking performance in both NSA and high speed scenarios. 
a) NSA scenario: Before UEs accessing an NSA carrier, downlink synchronization is needed on the NSA carrier. Faster time and frequency tracking can be achieved if the QCL relationship of the SS blocks transmitted on the NSA carrier are indicated to the UE. 
b) High speed scenario: For IDLE mode UEs, in each DRX cycle, the UE needs to monitor PDCCH of the corresponding PO; therefore fast synchronization retrieving is important to reduce the monitoring period. This is especially critical in high speed scenario. In high speed scenario, due to the fast changing environment and higher Doppler effect, the T/F tracking performance is more challenging. It is better for the UE to observe several QCLed SS blocks within an SS burst set for T/F tracking rather than observing the same SS block in different SS burst set periods.
4) For beam management procedure 
It was agreed in the last RAN1 meeting that SS block can be also used for beam management. Indicating SS block repetition pattern would facilitate UE beam switching procedure (P3) as well as leveraging of both beam management latency and flexibility.
Observation 1: The motivation for indicating SS  block repetition patterns are summarized as follows:

1. For easy cell/beam planning in network deployment

2. For reducing UE measurement duration and possibly RMSI reading latency
3. For faster and higher-accuracy time and frequency tracking in NSA and high speed train scenarios
4. For beam management procedure to facilitate UE beam selection
It was argued that for initial access UEs, since they cannot be provided with such information, they would observe too many peaks during the PSS detection process, which is a huge burden to UE complexity and power consumption. However, since it is up to UE implementation, the UEs can decide to choose a certain number of the observed peaks for SSS detection thus limiting the complexity. 
Observation 2: The complexity of SS block repetition transmission introduced to initial access UEs can be limited by UE implementation.
It may be also considered that by reducing the SS burst set periodicity can also reduce UE measurement duration and provide better T/F tracking performance. However, repetition within the burst set can provide better latency performance.
Observation 3: Compared with shorter SS burst set periodicity, SS block repetition within SS burst set introduces shorter latency for both measurement and T/F tracking. 
Thus, we make the following proposal:
Proposal 1: Support network indication of QCL of SS blocks with different indexes within an SS burst set periodicity.
3. Considerations on spec impact
In this section, we discuss about the possible specification impacts regarding the indication of the SS block repetition pattern.
· Indication of QCL pattern of SS blocks
 There are two alternatives for network to indicate such SS block repetition operation. 
Alt 1: Indication in PBCH 
Alt 2: Indication in RMSI
For Alt 1, as analyzed in the previous section, indication prior to RMSI can also reduce the RMSI reading time and RMSI transmission overhead.  However, since the PBCH payload should be limited. The QCL pattern within one SS burst set should be limited. Ideally, one bit can be introduced in below 6GHz, where ‘0’ means no QCL is assumed, and ‘1’ means SS block 0 to SS block (L/2-1) are QCLed. Two bits can be introduced in above 6GHz, which can be used for indicating no QCL assumption, every 2 consecutive SS blocks are QCLed, every 4 consecutive SS blocks are QCLed and every 8 SS blocks are QCLed. 
For Alt 2, the indicated QCL pattern of SS blocks can be more flexible. 

Proposal 2: QCL pattern of SS blocks in an SS burst set is indicated in PBCH.
· Neighbor cell measurement
For measurement, both serving cell and neighbor cell QCL patterns need to be indicated to UE for fair comparison. The neighbor cell repetition pattern can be indicated to UE in other system information (OSI) or in RRC signaling. Otherwise, UE assumes that the same QCL pattern is used for intra-frequency measurement and no QCL assumption for inter-frequency measurement.
Proposal 3: The neighbor cell repetition pattern is indicated to UE in other system information (OSI) or in RRC signaling. Otherwise, UE assumes that the same QCL pattern as serving cell is used for intra-frequency measurement and no QCL assumption for inter-frequency measurement.
· RMSI CORESET QCL assumption and paging 
To maintain the same coverage as SS block, the RMSI CORESET associated with QCLed SS blocks should also be QCLed. On the other hand, the QCLed SS blocks can all associate with the same RMSI CORESET to reduce RMSI overhead.
Proposal 4: If the QCLed SS blocks are associated with different RMSI CORESETs, these CORESETs are also QCLed.
· PRACH resource association with QCLed SS blocks
For PRACH resource and SS block association, since the association is  targeted for UE to indicate the gNB of the selected downlink transmission beam for Msg 2, it is then reasonable the QCLed SS blocks can be associated with the same (sub)set of PRACH resources. 
Proposal 5: QCLed SS blocks can be associated with the same (sub)set of PRACH resources.
4. Conclusion
In this contribution, the following observations and proposals are made:
Proposal 1: Support network indication of QCL of SS blocks with different indexes within an SS burst set periodicity.
Proposal 2: QCL pattern of SS blocks in an SS burst set is indicated in PBCH.
Proposal 3: The neighbor cell repetition pattern is indicated to UE in other system information (OSI) or in RRC signaling. Otherwise, UE assumes that the same QCL pattern as serving cell is used for intra-frequency measurement and no QCL assumption for inter-frequency measurement.
Proposal 4: If the QCLed SS blocks are associated with different RMSI CORESETs, these CORESETs are also QCLed.
Proposal 5: QCLed SS blocks can be associated with the same (sub)set of PRACH resources.
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