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1 Introduction
This contribution discusses the following remaining issues on SS burst set related procedures:
Common issues:
· RMSI indication of burst set composition
· Further details of rate matching around SS blocks
· Necessity of SS block repetition
WB carrier multi-SSB specific issues:
· RRM measurement issues
· “Anchor” or “Primary” BWP
· Necessity of inter-BWP mapping of SS block beams

2 Common Issues
2.1 RMSI indication of burst set composition
In RAN1#90, the following working assumption was derived:
	Working assumptions:
· 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, and an indication method is down-selected from following alternatives
· Alt.1: Group-Bitmap + Bitmap in Group
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
· E.g., [8]+[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, the number of actually transmitted SS/PBCH block indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index, and the number is commonly applied to all transmitted Groups
· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and the number of actually transmitted Groups indicates how many consecutive Groups are actually transmitted starting from the first Group
· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, and the number of actually transmitted SS/PBCH block for each Group indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index
· Minimum [8]+[3] bits, maximum [8]+[3]*[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks
· [6]+[6]+[6] bits
· Alt.6: Group-Bitmap
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, and all SS/PBCH blocks within a transmitted Group are actually transmitted
· E.g., [8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Other alternatives are not precluded
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks



The RRC signalling allows for the network to perform frequency reuse between the SS blocks and PDSCH/PDCCH within a multi-TRP cell. In the multi-TRP cell, cell-specific SS burst set composition is a super set of the TRP specific SS burst (SSB) set composition. UEs around a specific set of TRPs may not be able to detect SS blocks from far-away TRPs in the same cell; in such a case, the network should be allowed to transmit data from the specific set of TRPs in order not to waste any time-frequency resources. The RRC signalling allows for this network operation, thanks to the UE-specific nature of the RRC signalling. 
Meanwhile, the RMSI signalling is cell-specific, and the number of bits that can be used for indicating the SS burst set composition in the RMSI is likely to be limited [1]. Hence, the introduction of RMSI signalling needs to be carefully justified. The main motivations discussed during RAN1#90 include (1) to compress RACH configuration information; (2) to allow for PDSCH rate matching during the initial cell selection and IDLE mode; and (3) for the RRM measurement. 
The motivation #1, i.e., RACH configuration information compression, may or may not be valid dependent upon how the RACH configuration information is designed. As it has been agreed that the RACH configuration is cell-specific, rather than beam-specific, and hence one beam-specific RMSI needs to include the RACH configuration corresponding to all the beams of a cell. This cell-specific RACH configuration seems to be able to be better optimized if SSB set composition is jointly considered for design of the RACH configuration. In this sense, a separate design of SSB set composition in this purpose is questionable. 
The motivation #2, i.e., PDSCH rate matching during the initial cell selection and IDLE mode, may allow for better resource utilization and less UE power consumption in case not all the L SS blocks are used in the given band. The motivation #2 seems to be at least more valid than motivation #1. For supporting motivation #2, no complicated signalling seems to be necessary. As long as the RMSI configured SSB set composition can roughly capture the fine-granularity RRC configured SSB set composition, it will be good enough. Hence, a simple method, e.g., a quantized bitmap without any further optimizations, can be preferred for this purpose. 
The motivation #3, given that there are already SMTC configurations agreed for IDLE mode, it is not clear this additional configuration of SSB set in RMSI provides any further merit. 
Based on these discussions, the following observations are made:
Observation 1: 
· The main use case of the RMSI indicated SSB composition is for the rate matching when RRC configured SSB composition is absent. 
· The motivations related to RACH configuration and RRM measurement in IDLE mode are not clear.
2.2 Further Details of Rate Matching around SS Blocks
In RAN1#90, the following working assumptions and agreements were reached with regards to the rate matching around SS blocks:
	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
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· 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
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
Agreements:
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC




The agreements and working assumptions give a good starting point for completing the rate matching aspects related to SS blocks. However, it seems that a few details need to be further worked out to specify the related UE behaviours. 
Firstly, further discussion seems to be exact meaning of the rate matching around an SS block. There are at least three options to interpret the rate matching behaviour:
· Alt 1: Rate match around the SSS/PBCH REs in SS block OFDM symbols
· Alt 2: Rate match around the PBCH BW in SS block OFDM symbols
· Alt 3: Rate match around the SS block OFDM symbols
The difference between Alt 1 and Alt 2 is owing to the different BWs for the PSS/SSS and PBCH. In case of Alt 1, more REs will be available in PSS/SSS OFDM symbols than PBCH OFDM symbols for PDSCH than Alt 2. Between Alt 1 and Alt 2, Alt 2 is preferred to ensure good performance of PSS/SSS detection; when Alt 2 is used, the network can apply power boosting for PSS/SSS with pulling the unused power in the rest of REs in the PBCH BW. 
Between Alt 2 and Alt 3, the UE behaviour may be differently configured depending on the network implementations and carrier frequency. For sub6GHz in which Rx beamforming is not widely used, it seems possible for UE to measure RSRP on SSB BW and receive data in the rest of the BW without any issues. However, for over6GHz in which Rx beamforming is used, the UE may need to perform Rx beam sweeping in SSB OFDM symbols, which may make it difficult for UE to receive data in the rest of the BW. For example, if the UE tries different Rx beam in the SSB OFDM symbols (e.g., for measuring neighbour cells’ SSBs) than the best Rx beam for the serving cell’s SSB, than the received signal power in the rest of the BW is likely to be small. Hence, in this case, rate matching around the whole OFDM symbols (i.e., Alt 3) seems to be useful. In addition, if a cell has a single-TXRU TRP, then the analog BF constraint may practically make using the rest of BW for unicast data transmission more difficult. Based on these observations, it is proposed that Alt 2 vs. Alt 3 is made configurable, at least for the over6GHz case. 
Proposal 1: An RRC signalling configures the UE behaviour on how to rate match round SSB between:
· Behaviour 1: Rate match around the PBCH BW in SS block OFDM symbols
· Behaviour 2: Rate match around the SS block OFDM symbols
Secondly, UE behaviour on which SSB composition indication to use for the rate matching needs to be clarified, given that there are two separate configuration. The RRC configured SSB composition is available only in the RRC CONNECTED mode, and hence it cannot be used for the purpose of rate matching in initial cell selection and IDLE mode. Furthermore, the RMSI configured SSB composition is available only after UE receives the RMSI, and it cannot be used for receiving RMSI and corresponding CORESETs. Hence, when to use which of the three different SSB composition need to be clarified for the rate matching purpose: (1) full SSB composition corresponding to the band-specific one (i.e., L number of SSBs); (2) RMSI indicated SSB composition; and (3) RRC configured SSB composition.
During the initial cell selection, the UE receives DCI via PDCCH in a CORESET, and the PDCCH indicates a PDSCH containing RMSI (or SIB1). As PBCH (or MIB) does not carry any information on the transmitted SS block, UE should assume the default SS burst set composition for the rate matching and RE mapping to receive the PDCCH.
Upon the UE receives the RMSI, the UE’s PDSCH rate matching and RE mapping can be made dependent on the RMSI-signaled SSB composition. The DL indications received during this phase (after RMSI reception but before receiving the RRC signaling regarding the updated SSB composition) include RACH responses (msg2, msg4) and SIBx, x>1. Hence, it is proposed that the PDSCHs carrying broadcast SIBx, x>1 and RACH responses (msg2, msg4) should be rate matched around the SS blocks indicated by the RMSI-indicated SSB set. 
As for the paging, a similar treatment as SIBx, x>1 seems to be desirable, as the paging PDSCH can be received in both CONNECTED & IDLE mode. Hence, if the RNTI type is P-RNTI, the UE should use the first indication of the SS burst set composition for PDSCH RE mapping and rate matching. 
The use of the RRC indicated SSB set composition should be restricted to the UE-specific PDSCH reception only. In other words, when the UE receives DCI with C-RNTI, which schedules a PDSCH, the UE should assume that the PDSCH is rate matched around the SS blocks (and the PDSCH RE mapping is around the SS blocks) according to the RRC indicated SSB set composition. Proposal 2 summarizes the discussion above:
Proposal 2: 
· For the PDSCH reception for RMSI, full SSB set (i.e., L SSBs) should be assumed for the rate matching.
· For the PDSCH reception for SIBx, msg2/4, paging scheduled by PDCCH carried on MIB/RMSI configured CORESET, RMSI-configured SSB set composition should be assumed for the rate matching.
· For the PDSCH reception for UE-specific dedicated data scheduled by PDCCH carried on RRC configured CORESET, RRC configured SSB set composition should be assumed for the rate matching. 
2.3 Necessity of SSB repetition
The main arguments brought up during RAN1#90 on the necessity of the SSB repetition were two cases: (1) power limited case; and (2) high-speed case. 
In the power limited case of (1), the main bottleneck for the system operation would be the initial cell selection, and it is not clear whether the UE can get benefits of SSB repetition during that time given that no information is available. 
In the high-speed case, the SSB repetition may be useful for Doppler parameter estimation for the RMSI reception. However, a direct solution to resolve the Doppler issue would be to configure TRS in the PBCH, rather than the SSB repetition. The TRS is specifically designed to cope with high Doppler, but it is not clear whether SSB repetition will provide sufficient accuracy for Doppler estimation. 
In addition to the lack of clarity of the use cases, the specification impacts and system operation complexity to realize this feature seem to be also overwhelming. In general, a network has multiple cells with different coverage areas, and hence it seems necessary to be able to configure different levels of repetitions to address the use cases. This may imply that the network needs to provide cell-specific information of the repetitions for the RRM measurement purpose; this may correspond to configuring neighbour cell list for the mobility measurement purpose. This individual configuration for the neighbour cell measurement is undesirable and should be avoided. 
Proposal 3: The SSB repetition should not be adopted in Rel-15 NR.
3 WB Carrier SSB Specific Issues
RAN2 has agreed the following in RAN2#99.
	Agreements from RAN2#99
1. There is one NR-ARFCN per MO
2. For measurements of carriers where SSB is not present (measurements performed on CSI-RS):
a. MO includes CSI-RS resources for L3 mobility measurements; and
b. MO includes some indication that no SSB is provided on this carrier.
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.
3. For measurements of carriers where SSB is present:
       If SSB is not located in centre of the carrier, then offset to the ARFCN provides the location in frequency of the SSB within that carrier.
FFS Whether the MO has only one SSB or whether the MO can include the location of more than one SSB.
Agreements above relate to a single BWP in which case the NR ARFCN would be the centre of the BWP. Case of multiple BWPs is FFS



Furthermore, RAN1 discussed possibility of carrying same or different cell-Id via multiple SSB inside a wideband carrier in RAN1#90. This section considers aspects related to configuration of multiple SSBs for the wideband operation.
Multiple SS blocks
As part of the wideband operations support, the following implementation cases have been identified in RAN4.
[image: cid:image003.jpg@01D2DE2A.9ED7EF30]
Fig. 1: Possible implementations for wideband operations
Among these, Case-3 deserves attention. In Case-3, UE supports a wider bandwidth using two different RF chains. This is similar to the implementation of LTE intra-band carrier aggregation from the UE perspective, although one single wideband carrier is seen from the gNB perspective. Several issues related to synchronization and time-frequency tracking of the multiple RF chains at the UE side have to be addressed in order to support such an implementation since it has been agreed in RAN1 to support both wideband UE’s and UE with Case-3 support (termed as CA UE in the agreements). Per our understanding, a wideband UE and a narrow band UE do not need multiple SSBs for their synchronization purposes; and the usefulness of the multiple SSB indication for WB UEs is limited to the rate matching purpose only. 
Observation 1: The main use case of multiple BWP indication to WB UEs seems to be rate matching. For synchronization and time-frequency tracking purposes, other mechanisms could be used instead (e.g., CSI-RS or TRS). 

Anchor BWP (default BWP)
[bookmark: _GoBack]Based on the discussion in our companion contribution [1], it is proposed to support FDM of SS blocks and RMSI transmissions. In such a case, SS block BW and RMSI BW could be different. As the RMSI and other initial access signals (e.g., msg2/4, etc.) are agreed to use the same numerology, these initial signals could be transmitted in a same BW, which is referred to “initial active BWP.” This initial active BWP may serve all IDLE mode operations as well for the user. Post RRC connection, a UE may be configured with a default/anchor BWP which the UE may use for all connected mode operations. This default/ anchor BWP may be UE specifically configured to the UE by the gNB and enables the load balancing purposes for the gNB (can also allow for connected mode paging in this BWP). This anchor/default BWP may or may not have an SS block (since this is purely for load balancing purposes and for fall back mode of operations [3]), hence the UE must be indicated to use the initial BWP for measurement purposes. 
Proposal 4: 
· The initial active BWP is configured in MIB for RMSI/msg2&4 receptions, and for supporting all IDLE mode operations 
· The default BWP is configured in RRC, and it can support other connected mode operations such as fall back, connected mode paging etc.
RRM Measurements 

For the case of neighbor cell measurements, it is typically beneficial for the UE to assume the presence of SS blocks of the neighbor cell at the same location of serving cell to avoid retuning. However, with the presence of multiple SS blocks, presence of default SS block locations in a wideband carrier per UE, cell_Id being same or different across the SS blocks, seems more study is necessary to define a fool proof mechanism for the same. When CSI-RS is also considered, the following combinations need to be further studied and how they may be used for RRM measurements: 
· Multiple SS blocks & one WB CSI-RS 
· One SS block & one WB CSI-RS
· One SS block & multiple NB CSI-RS
· Multiple SS blocks & multiple NB CSI-RS
Cell-Id carried by PSS/SSS across multiple SSBs:

The cell-Id carried by the multiple SS blocks in the NR wideband carrier may be same or different and this will impact several mechanisms that are associated. 
If the cell-Id is same across the multiple SS blocks, the whole wideband carrier may be identified as one cell. Furthermore, as mentioned in [2], one SS block can support wideband cell measurements. Hence it is not clear why different cell-Id needs to be supported within one wideband carrier. When same cell-Id is carried by all the SS blocks, it must be further studied where the location of the SS blocks can be present (in frequency) for the neighbor cell as there are multiple SS blocks in the serving wideband carrier and how this may be indicated to the UE.
Proposal 5: Wideband UE can be configured to use a default SS block for RRM measurements of the wideband serving cell. This default location is indicated to the UE.
If the cell-Id is different across SS blocks, the definition of the cell within this wideband carrier must be identified. In such a case, our understanding is that all BW parts that share the same SS block may be identified as one cell. Hence, some mapping rules must be defined. Any measurements beyond these BW parts will be treated as inter-cell/ inter frequency measurements. This cell definition is not UE specific since the configured SS blocks may be used by all the UEs that will be present in the wideband carrier. If a UE is configured to multiple BW parts with different cell Id’s, then operation can follow the LTE carrier aggregation principles. 
Per recent RAN2 agreements, there is one ARFCN per measurement object. More details about the contents of MO are pending discussion. The UE may report the following contents whenever measurements are reported a) cell-Id only, b) cell-Id+ARFCN, or c) ARFCN only. Option (b) seems most reasonable. Then the following options exist for the case of multiple SSB within the wideband carrier when a wideband UE sees multiple SSB - 
· same cell-Id, same ARFCN (which could correspond to WB carrier) 
· Same cell-Id but different ARFCN (where ARFCN could correspond to centre of SS block)
· Different cell-Id, same ARFCN (where ARFCN could correspond to centre of WB carrier)
· Different cell-Id and different ARFCN (where ARFCN could correspond to centre of SS block)
Since the multiple SSB belong to same wideband carrier, it seems logical that cases (2) and (4) do not arise. Furthermore, there is no issue of UE behaviour in case of 1. For case (3), the UE behavior must be defined. Since multiple cell-Id are mapped to same ARFCN and if the wideband UE finds both of them, it must be specified which of these cell-Id will be used by the UE for scrambling various sequences such as DMRS within this wideband carrier. Also, how the UE must perform measurements when it measures on the multiple SSBs with different cell-Id must be clearly specified. Since additional complications seems to arise from a UE behaviour perspective when different cell-Id may be supported within a wideband carrier, it is preferred that the gNB only carries same cell-Id for all SSB within the same wideband carrier. 
Proposal 6: Support only same cell-Id across multiple SSB within a wideband carrier.

Correspondence Information across multiple SSBs (i.e., beam sweeping across the multiple SSBs)

In the last RAN1 meeting, it was discussed whether or not any measurement correspondence information must be signalled to the UE in order to reduce the SS block scan time and the UE power consumption. While such a correspondence information could indeed be helpful for both wideband UE and for a UE operating in a CA mode (correspondence information for SSB across carriers), such information need not be signalled to the UE at the initial access stage. This is because a UE will typically not look at the wideband carrier right from the initial access stage and typically only needs one SSB. Furthermore, considering a frequency selective channel, the benefits of such signalling is not clear even for the case of connected mode UE either for mobility purposes or beam management. If the NW however determines that such a relationship indeed holds true and may be useful for the UE, it can be signalled via higher layer signalling when the UE is in connected mode. 
Proposal 7: No correspondence information across multiple SSBs needs to be signalled during the initial access stage.

4 Conclusion
The observations and proposals in this contribution are collected below:
Observation 1: The main use case of multiple BWP indication to WB UEs seems to be rate matching. For synchronization and time-frequency tracking purposes, other mechanisms could be used instead (e.g., CSI-RS or TRS). 
Proposal 1: An RRC signalling configures the UE behaviour on how to rate match round SSB between:
· Behaviour 1: Rate match around the PBCH BW in SS block OFDM symbols
· Behaviour 2: Rate match around the SS block OFDM symbols
Proposal 2: 
· For the PDSCH reception for RMSI, full SSB set (i.e., L SSBs) should be assumed for the rate matching.
· For the PDSCH reception for SIBx, msg2/4, paging scheduled by PDCCH carried on MIB/RMSI configured CORESET, RMSI-configured SSB set composition should be assumed for the rate matching.
· For the PDSCH reception for UE-specific dedicated data scheduled by PDCCH carried on RRC configured CORESET, RRC configured SSB set composition should be assumed for the rate matching. 
Proposal 3: The SSB repetition should not be adopted in Rel-15 NR.
Proposal 4: 
· The initial active BWP is configured in MIB for RMSI/msg2&4 receptions, and for supporting all IDLE mode operations 
· The default BWP is configured in RRC, and it can support other connected mode operations such as fall back, connected mode paging etc.
Proposal 5: Wideband UE can be configured to use a default SS block for RRM measurements of the wideband serving cell. This default location is indicated to the UE.

Proposal 6: Support only same cell-Id across multiple SSB within a wideband carrier.
Proposal 7: No correspondence information across multiple SSBs needs to be signalled during the initial access stage.
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