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1. Introduction
In this contribution, we discuss remaining specification details of SS blocks.

2. Multiple Subcarrier Spacing for SS blocks for a given Frequency Carrier
In a LS from RAN4 [2], RAN4 has asked RAN1 to look into supporting both 15 kHz and 30 kHz for SS blocks in the below 6 GHz cases, and supporting both 120 kHz and 240 kHz for SS blocks in the above 6 GHz cases. The background motivation for this was LTE-NR co-existence or wider minimum channel BW deployment. The following are actions for RAN1 requested by RAN4.

	RAN1 is asked to find a solution how to support the following cases:
1) Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

2) For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band.

3) RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.



It should be noted that request (1) and (2) are against the agreements made in RAN1. It is important to understand, the background motivation of a single subcarrier spacing of SS Blocks per frequency carrier. If the UE is required to perform multiple hypothesis testing of the SCS of SS Blocks per frequency carrier, this would not only complicate initial cell search process but also RRM measurements. In many instances, networks will try to transmit the SS Blocks within the 5 msec time duration among all cells. This is to provide power consumption savings not only at the UE side but also at the gNB side. This implies that if two cells use different SCS for SS Blocks, and these SS Block happen to arrive at the UE at the same time, UE would need to process them using different filters (for down sampling), and different FFT sizes concurrently. This imposes significant complexity to the UE, which puts NR in a severe disadvantage over LTE systems. 
It should be further noted that issue (1), using 30kHz SCS for SS Blocks for LTE-NR co-existence, is only limited to very specific case. In general, if LTE and NR are deployed in the same frequency carrier using different TRPs, NR could transmit any signal on top of LTE signals. This signals from NR would simply be interference to LTE. With the right deployments for NR, LTE and NR could co-exist. In case LTE and NR is deployed using the same eNB/gNB and TRP, LTE-NR co-existence could be dealt with using MBSFN subframes in LTE and transmitting NR signals in the MBSFN subframes. Of course, it may be desirable to support LTE-NR co-existence by squeezing SS Blocks between LTE signals (i.e. using 30 kHz SCS for SS Blocks), but it wasn’t clear if this functionality was needed for all cells. Support of multiple SCS for Scell may resolve majority of the concerns for LTE-NR co-existence.
Frequency carriers associated with issue (2) do not have any LTE deployments. Therefore, background motivation for request from RAN4 is actually unclear. From what we understand, the only method to support SCS of 240 kHz for SS Blocks in a bandwidth that is smaller than 50 MHz is to shrink down the BW of the PBCH. Currently, the PBCH occupies 288 sucbarriers, while the PSS/SSS occupies 144 subcarriers (including guard subcarriers). It would be possible for RAN1 to revert the decision on the PBCH bandwidth from 288 subcarriers down to 144 subcarriers. From our understanding this would impact the PBCH reception latency, since UEs would need to accumulate more SS Blocks to decode the PBCH successfully (compared to before). However, given that PBCH TTI is 80 msec, other than system information updates, UEs are only expected to read PBCH during initial cell selection and cell camping in IDLE mode. For handover, UE is not required to read the neighbor cell PBCH and all information could be provided by the serving cell. Therefore, impact to specification from reducing the PBCH subcarrier may be limited. 
In summary, both (1) and (2) may already be supported in some limited form by the latest agreement in RAN1. Essentially, RAN1 has agreed that Scell(s) could use non-default subcarrier spacing (SCS) of SS Blocks, and UE can be made aware of such cell by network indication. 
	As a response to the RAN4 LS, there were two proposals that was discussed.
	Proposals:
· Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands
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	The background for Alt 1 is to provide an SS Block design that will allow all the SS Block designs to fit within the 5MHz and 50MHz minimum channel bandwidth. To be more precise the PBCH bandwidth will need to be reduced to 11 PRBs, and the guard subcarriers for PSS/SSS would need to be shrunk down from 8 + 9 subcarriers to 2 + 3 subcarriers. This is because of latest RAN4 agreements on channel bandwidth utilization for each subcarrier spacing [4]. 
The proposal has two main consequences. First, it would allow RAN4 to re-evaluate the necessity to support multiple SCS for SS Blocks, as even the higher SCS based SS Block will be smaller than the minimum system bandwidth and fit within any system bandwidth deployed by any operator. Second, reduction of SS Block bandwidth allows significant reduction in number of SS Block raster entries in which the UE will need to perform cell search during initial cell search procedures. In fact, reduction of SS Block BW by half will decrease the number SS Block raster entries by 11 times in certain frequency bands [5][6][7].
Alt 2, on the other hand seems to lack strong motivation especially for higher frequencies (i.e. above 6 GHz). However, support of Alt 2 will be at the expense of double the UE complexity for cell search and RRM measurements. 
Among the two alternatives, our preference is Alt 1, which bring benefits to both UE vendors and network operators. Of course, the potential dis-advantages of Alt 1 may be PBCH performance and coverage aspects. Cell coverage and performance must be checked before Alt 1 is selected in RAN1. The potential design aspects that may get impacted by reduction of PBCH BW are: SS Block burst set compositions (e.g. placement of SS block within the slot), number of bits conveyed using DMRS of PBCH. The first issue could be potentially resolved quickly as it has minimal impact to other channels and decisions. Furthermore, given that support of 7 OFDM symbol slot is no longer necessary, RAN1 may able to simplify the SS burst set composition pattern even further. The second issue, the number of bits conveyed using DMRS of PBCH, requires some simulation effort to verify whether it would be feasible to carry 3 bits of information using DMRS of PBCH. Given that multiple companies expressed views that up to 7 bits of information could be carried using DMRS of PBCH during the original discussions, supporting 3 bits of information using half of the bandwidth may not be challenging and feasible. Of course, further evaluations are needed to verify this.

Proposal 1:
· RAN1 should support a slight modification of Alt 1, Redesign the SS block design, i.e., reduce PBCH BW to 11 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing.

If Alt 1 turns out to be completely infeasible from technical perspective, we believe other alternatives should be investigated before agreeing on supporting Alt 2. The potential alternative should provide other mechanisms in which UE can reduce complexity during cell search and RRM measurement procedures.
For example, one possible comprise for supporting multiple SCS for SS Block would be reducing the number of PSS sequence from 3 sequences to 1 sequence. From our analysis the majority of the cell search complexity is determined by the PSS detection. In a Plenary discussion contribution that were co-sourced by 8 different companies, it was shown that PSS complexity is 70 times more than of SSS complexity and requiring 3 times the memory than that of SSS detection [8]. Although, the comparison was made for a different system, the analysis still scales to NR and very relevant. Reducing the PSS sequence from 3 to 1 could potentially reduce the cell search complexity to justify increase in hypothesis from supporting multiple SCS.
Additionally, to reduce the complexity during RRM measurement procedures, UE should be only mandated to search for SS Block with one particular SCS for each frequency layer. If the UE is required to search for multiple SCS in the same frequency layer during RRM measurement procedure, this could not only increase the complexity of the measurement functionality at the UE, but also significantly degrade UE battery life during RRC connected mode.

Proposal 2:
· In case Alt 1 (redesign the SS block design so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing) is concluded to be technically infeasible, support Alt 2 with following:
· Reduce the number of PSS sequence from 3 to 1. Note that this does (or should) not change the SSS design, as it already supports enough sequences for all 1008 NR cell IDs.
· UE is only required to monitor a single SCS for RRM measurement purposes for a given frequency layer.

3. Multiple SS blocks in Wideband CC
RRM measurement with multiple SS blocks in wideband CC
RAN1 has agreed that a cell would be defined by a SS Block (SSB) for the UE. Furthermore, the agreements did not preclude the possibility that the network transmits multiple SSB within the bandwidth for a cell. For a given UE, the other SSBs in different frequency would simply not be a cell defining SSB. They could be treated as SSB for other cells to the UE.
In some instances, it may be beneficial to allow measurements of SSB that do not define a cell, be a representative measurement for the serving cell. For this, special configuration would be required by the network and informed to the UE. One possible framework for conveying such information may be QCL relationship indication between SSB. If network indicated QCL relationship between two SSBs in different frequency (or time), UE could potentially assume that they are from the same set of TRPs transmitted using the same beam(s). This could allow UE to aggregate measurements from different SSB to further improve measurement accuracy.
It should be noted that gNB should indicate to the UE the frequency layer (i.e. frequency position of the SS block) intended to be part of the measurement object. If multiple frequency layers are to be measured, than the cell detection time allowed by the reporting requirement needs to be increased proportionally, such that it allows the UE to monitor multiple frequency layers with a single SS search engine resource. Additionally, the frequency layers which require measurement gap should be indicated by the network and determining which frequency layers required measurement gap and what conditions should be decided by RAN4.
In summary, when the gNB transmits multiple SS blocks, the network should be able to configure the UE to measure and monitor a set of frequency location of a SS block and perform RRM measurements of all cells that are transmitting SS blocks in the same frequency location.
Proposal 3:
· In case gNB transmits multiple SS blocks (SSB) in different frequency positions, network may indicate QCL relationship of different SSB, that do not define a cell for the UE, to a SSB, that defines the cell for the UE.


4. Rate Matching for Actually Transmission SS Blocks
In RAN1 NR Adhoc #3, the following was agreed regarding rate matching indication for the actually transmitted SS blocks (SSB).
	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 
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources
· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI
· FFS: Confirm for each channel
· The signalling in RMSI is only for the associated SS/PBCH block
· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC

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



It was left FFS on the confirmation for each channel whether actual SS Block transmission indication in RMSI will be used for rate matching purposes. Based on discussion so far the potential candidate list of other channels are:
· Paging DCI and Paging Channel
· RAR DCI and RAR for Contention based RA
· RAR DCI and RAR for Contention free based RA
· Other system information(OSI) DCI and Message
· On-demand SI(ODSI) DCI and ODSI 
· Group Common PDCCH
We further discuss for each channel whether or not actual SSB transmission indication from RMSI or RRC is best suited.
Paging DCI and Paging Channel
Paging DCI and message is received by the UE during IDLE mode. UEs in IDLE mode camping to a particular cell may have access to PBCH and RMSI. However, the network not be fully aware of the exact location (i.e. associated camping cell) when the UE in IDLE mode. Therefore, it would be impractical to assume rate matching can be performed using RRC based signaling. Paging DCI and paging channel should be confirmed to use RMSI based actual SSB transmission indication signaling for rate-matching purposes.
RAR DCI and RAR for Contention based RA
Similar to paging, this is receive by UEs during IDLE mode (prior to RRC establishment). Although the network is fully aware of which cell the UE is associated with, there would be no other messages prior to RAR that the network signals to provide rate matching information for RAR. Therefore, it would be impractical to assume rate matching can be performed using RRC based signaling. RAR DCI and RAR for Contention based RA should be confirmed to use RMSI based actual SSB transmission indication signaling for rate-matching purposes.
RAR DCI and RAR for Contention-free based RA
Contention-free RA is performed for handover (HO) after all necessary information is provided by the network in the HO command. Furthermore, the UEs are not typically required to read the SI of neighbor/target cells prior to HO and therefore may not be fully aware of the actual SSB transmission indication in the neighbor/target cell RMSI. Therefore, UE must fully rely on RRC signaling conveyed through HO command. RAR DCI and RAR for Contention based RA should be confirmed to use RRC based actual SSB transmission indication signaling for rate-matching purposes.
Other system information (OSI) DCI and OSI & Group Common PDCCH
OSI and GC-PDCCH both are broadcast channels meant to be received by all UEs within the cell. Therefore, it would be impractical to use user-specific RRC signaling to perform rate-matching operations of this channel. OSI and GC-PDCCH should be confirmed to use RMSI based actual SSB transmission indication signaling for rate-matching purposes.
On demand system information (ODSI) DCI and ODSI
In RAN2 #97bis, it was agreed that on-demand system information may be requested either using random access preambles (Msg1) or using a multi-step RA procedure (Msg1, Msg2, Msg3). RAN2 also agreed that the network indicates in the minimum SI, which of the two mechanisms the UE shall apply.  In RAN2 #98, it was further agreed that for Msg1 based SI request the minimum granularity of requested SI is one SI-Message (a set of SIBs as in LTE) and one RACH preamble can be used to request multiple SI-Messages. It was further agreed that the on-demand SI request procedure should maximize commonality with the RACH procedure and that the network, in the case of Msg1 based SI request, sends an acknowledgement in Msg2 to confirm the SI request.
Since ODSI mechanism relies on PRACH preambles, it is possible that multiple UEs request ODSI concurrently and network would not be able to distinguish which UE actually requested the ODSI. Therefore, it is reasonable to assume that ODSI would not be always guaranteed to be unicast transmitted to a specific UE. If so, it would be natural to assume that ODSI is similar to OSI and for rate matching purposes it should utilize the actual SSB transmission indication in RMSI.

Proposal 4:
· Confirm working assumption of using actual SSB transmission indication in RMSI for rate-matching purposes for the following channels:
· Paging DCI and paging message
· RAR DCI and RAR of contention based RA
· Other system information (OSI) DCI and OSI 
· On demand system information (ODSI) DCI and ODSI 
· Group Common PDCCH
· Agree to using actual SSB transmission indication in RRC for rate-matching purposes for the following channels:
· RAR DCI and RAR of contention-free based RA
· Other channels not mentioned above is FFS


5. Conclusions
In this contribution, we discussed remaining issues related to SS blocks. Our proposals are summarized as below:
Proposal 1:
· RAN1 should support a slight modification of Alt 1, Redesign the SS block design, i.e., reduce PBCH BW to 11 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing.

Proposal 2:
· In case Alt 1 (redesign the SS block design so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing) is concluded to be technically infeasible, support Alt 2 with following:
· Reduce the number of PSS sequence from 3 to 1. Note that this does (or should) not change the SSS design, as it already supports enough sequences for all 1008 NR cell IDs.
· UE is only required to monitor a single SCS for RRM measurement purposes for a given frequency layer.

Proposal 3:
· In case gNB transmits multiple SS blocks (SSB) in different frequency positions, network may indicate QCL relationship of different SSB, that do not define a cell for the UE, to a SSB, that defines the cell for the UE.

Proposal 4:
· Confirm working assumption of using actual SSB transmission indication in RMSI for rate-matching purposes for the following channels:
· Paging DCI and paging message
· RAR DCI and RAR of contention based RA
· Other system information (OSI) DCI and OSI 
· On demand system information (ODSI) DCI and ODSI 
· Group Common PDCCH
· Agree to using actual SSB transmission indication in RRC for rate-matching purposes for the following channels:
· RAR DCI and RAR of contention-free based RA
· Other channels not mentioned above is FFS
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