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1 Introduction
During RAN1Ad Hoc#2 meeting, the mapping pattern of nominal SS blocks has been agreed. The maximum number of SS blocks per band was agreed in RAN1#89 meeting as follows: 
In RAN 1#88, the following agreements on indication of actual transmitted SS-blocks were achieved [1]: 
Agreements:
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)
In RAN1 #88bis, the following agreements on indication of actual transmitted SS-blocks were achieved [2]: 
Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
In RAN 1 Ad Hoc#2 the following agreements were achieved [3]: 
Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

Agreements: 
· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

In this contribution, the design of actual positions of transmitted SS block and indication of SS block index are discussed.  
2 Methods to indicate actual positions of transmitted SS blocks 
As agreed in RAN1 #88, the actual positions of transmitted SS blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks. There are several alternatives to indicate the actual positions of transmitted SS blocks: 
Alternative 2-1: Full-bitmap indication. In this full-bitmap indication method, the bitmap size is equal to L, which is the maximum number of SS blocks for the carrier frequency. For example, for frequency above 6GHz NR, a 64-bit bitmap will be used to indicate the actual positions of transmitted SS blocks. Each bit in the bitmap will represent whether the corresponding nominal SS block in the predefined mapping pattern is transmitted or not. The full-bitmap based indication provides a much flexible method to indicate the actual positions of SS blocks. For example, under this indication mechanism, the actual transmitted SS blocks can be mapped consecutively from the beginning of the predefined mapping pattern or the actual transmitted SS blocks can be equally distributed in the predefined mapping pattern. The benefit of this flexibility is that neighbor cells can transmit actual SS blocks in different nominal SS block positions, so that the intra-frequency interference on sync signals among neighbor cells can be reduced. The drawback of this indication method is the large overhead and the bitmap cannot be transmitted via PBCH. 
Alternative 2-2: Indication by actual number of transmitted SS blocks. In this indication method, the actual number of transmitted SS blocks are indicated to UE. The mapping of actual transmitted SS blocks will be assumed to follow the same patterns among all cells. For example, the actual SS blocks can be always mapped consecutively from the beginning of the predefined nominal SS block positions. The indication overhead will be 6 bits for above 6GHz NR; 3 bits for 3GHz to 6GHz NR; 2 bits for below 3GHz NR. The benefit of this indication method is the simplicity and low overhead compared to Alternative 2-1. The potential drawback of this indication method is that when all cells, especially neighbor cells, map SS blocks starting from the beginning of nominal SS block positions, the interference on the first several SS blocks will be higher compared to the interference on the last several SS blocks.
Alternative 2-3: Compressed bitmap indication. In this compressed bitmap indication method, the bitmap size is smaller than L, the maximum number of SS blocks for the carrier frequency. A 16-bit or 8-bit bitmap can be used to indicate the actual transmitted SS blocks for above 6GHz NR. For below 6GHz NR, no compression is needed, i.e., 8-bit bitmap for 3GHz-6GHz NR; 4-bit bitmap for below 3GHz NR. The advantage of this compressed bitmap indication is that the overhead is reduced. The disadvantage of this indication method is that the flexibility or granularity is limited. For example, when 8-bit bitmap is used to indicated the 64 SS blocks, 1 bit in the bitmap will indicate the transmission of 8 SS blocks, which means the actual transmitted SS blocks is limited to the set of {8,16,24,32,40,48,56,64}. Overall, this solution is a compromised solution which balances the overhead and the flexibility.   
Alternative 2-4: Offset-plus-number indication. In this offset-plus-number indication method, both the actual number of SS blocks and its offset relative to the start of SS burst set are indicated to UE. In the above 6GHz, the maximum number of SS blocks is 64, so totally 6 bits are needed to indicate the actual number of SS blocks. To reduce the interference on SS block issue, the actual transmitted SS blocks can be transmitted consecutively starting from the nth nominal SS block positions. To indicate this offset information, another 6-bit information are needed. Therefore, for above 6GHz NR, at most 12-bit information including actual number of transmitted SS blocks and the offset are transmitted to UE to indicate the actual position of transmitted SS blocks. Accordingly, for 3GHz~6GHz NR, at most 6-bit information including the actual number of transmitted SS blocks and the offset is transmitted to UE to indicate the actual positions of transmitted SS block. For below 3GHz NR, at most 4-bit information is transmitted to UE to indicate the actual positions of transmitted SS blocks. This alternative can reduce the interference on SS blocks located in the beginning of SS burst set meanwhile reduce the overhead. Both Alternative 2-3 and Alternative 2-4 can reduce the indication overhead. However, compared to Alternative 2-3, this Alternative 2-4 can provide more flexibility for gNB to select the actual number of transmitted SS blocks.
In NR, we think the indication of actual position of SS blocks should jointly consider the flexibility, simplicity and overhead. Especially, we think the indication should provide the flexibility to reduce the intra-frequency interference on SS blocks among neighbor cells.
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3 Methods for transmission of actual positions of transmitted SS blocks 
As agreed in RAN1 #88bis, the candidate methods for the indication of the nominal SS blocks in SS burst sets that are actually transmitted includes: PBCH; RMSI; Other SI; dedicated signaling; other methods. In the following, we discuss the pros and cons on these methods: 
Alternative 3-1: PBCH. Indicating the actual positions of transmitted SS blocks via PBCH will allow a UE to decode this indicated information in a very early stage. This information may further help UE to decide the position of CORESET/RMSI if CORESET/RMSI is not fixed or relative to the position of the last actual transmitted SS block. The issue related to this alternative is due to the limited capacity of PBCH since the payload of PBCH might be smaller or equal to 64 bits according to our companion contribution [4]. Considering the limited bits transmitted in PBCH, actual number of SS blocks or compressed bitmap or offset-plus-number indication can be supported.   
Alternative 3-2: UE-specific RRC. The indication of actual positions of SS blocks can be transmitted by UE-specific RRC. In this case, Alternative 2-1, 2-2, 2-3, and 2-4 can all be supported as RRC is transmitted by PDSCH which has a large capacity. 
Alternative 3-3: RMSI or other SI. The indication of actual positions of SS blocks can also be put in RMSI or other SI. However, if the actual positions of SS blocks are targeted for rate matching and RRM measurement purposed, it may be not necessary to transmit this indication using RMSI or other SI in this early stage. Furthermore, it may not be efficient to transmit the indication information in a multi-beam method as RMSI or other SI considering the time-domain overhead. 
Alternative 3-4: Dedicated signaling. A dedicated signaling can be created in NR for the indication of actual positions of SS blocks. However, there is no obvious benefit for introducing a dedicated signaling for this indication. Furthermore, considering the complexity and overhead on the signaling design, it may not be a good idea to introduce a dedicated signaling for the indication purpose.   

Based on the above discussions, we prefer to use UE-specific RRC to indicate the actual positions of SS blocks if this information is targeted for rate matching and RRM measurement purpose. 
Proposal 1: Information of the actual positions of SS blocks is transmitted by UE-specific RRC. 

Additionally, it was agreed in RAN1 Ad Hoc#2 that SS block based RRM measurement timing configuration i.e., measurement window periodicity/duration/offset information can be configured to UEs. Based on the above agreement, there are two main purposes to indicate the actual positions of SS blocks: one is for RRM measurement on neighbor cells; another one is for rate matching for CONNECTED UEs. It may happen that the RRM measurement window periodicity/duration/offset is different from the SS burst set/duration/offset. For example, when the SS burst set periodicity is 5ms, the RRM measurement window periodicity can be configured as 20ms. Therefore, a SS burst-set periodicity for rate matching can be separately indicated from the SMTC. Details can be found in our companion contribution [5].
Proposal 2: A SS burst-set periodicity for rate matching can be separately configured from the SMTC. 
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4 Conclusions
This contribution discussed the design issues related to the remaining issues on NR SS burst set. The following observations and proposals are made: 

Proposal 1: Information of the actual positions of SS blocks is transmitted by UE-specific RRC. 

Proposal 2: A SS burst-set periodicity for rate matching can be separately configured from the SMTC. 
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