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Introduction
According to the WID for Rel-19 enhancements of NES [1], adaptation of common signal/channel transmissions will be specified in Rel-19.3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 

In this contribution, our considerations on adaptation of SSB and PRACH in time domain are provided.

Discussion
Adaptation of SSB in time domain
In RAN1#116 meeting [2], the following mechanisms for adaptation of SSB in time-domain were listed. Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded


For adaptation of SSB burst periodicity, it has been already defined according to the following text in TS 38.213[3] that legacy UE assume that SSB periodicity is 20 msec only for initial access. For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. 

If the periodicity of SSB used for initial access is to be changed to more than 20 msec, it would impact on initial access for all legacy UEs since it would be impossible for the legacy UEs to recognize that the periodicity has changed to more than 20 msec. More specifically, although the legacy UEs assume to receive SSB every 20 msec, SSB is not actually transmitted on some SSB occasions. So, the lack of SSBs would have a negative impact on SSB detection performance.
Observation 1: For initial cell selection, legacy UE assumes 20 msec of SSB periodicity. If SSB periodicity on initial bandwidth part is changed to more than 20 msec, it would impact on initial access for legacy UEs.
On the other hand, it is possible for the SSB periodicity to be configured with a range between 5 msec and 160 msec. Since UE assumes 20 msec of SSB periodicity for initial access, such SSBs with coarser periodicity should be used for purposes other than initial access (e.g., cell synchronization, RRM/RLM/BM measurement, etc.). One way is for the SSBs with coarser periodicity to be non-cell defining (NCD) SSBs which are not associated with SIB1 since the NCD SSB are not used for initial access.
Observation 2: Periodicity of non-cell defining (NCD) SSB can be configured up to 160 msec since Rel-15 NR. There would be no negative impact to legacy UEs if the NCD SSBs with coarse periodicity up to 160 msec are transmitted.
It was described in the WID[1] that “Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown”. Therefore, it is desirable to maintain CD SSB periodicity at 20 msec and adopt more than 160 msec periodicity for NCD SSB, otherwise there would be a negative impact to legacy UEs. On the other hand, Rel-19 NES UE can use the SSB for initial access to increase access opportunities.
Observation 3: Adapting SSB periodicity to more than 20 msec for initial access and/or more than 160 msec periodicity for other purposes is not recommended for legacy UEs. Such SSBs can however be used by Rel-19 NES UE for all purposes.
In summary, since some mechanism on adaptation of SSB periodicity has already been supported, we support to enhance SSB periodicity adaptation in Release 19 NES.
Proposal 1: Support adaptation of SSB periodicity in Release 19 NES for both connected mode UE and idle/active mode UE.

In RAN1#116bis meeting [4], the following agreement regarding scenarios for adaptation of SSB in time-domain was made.Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
1. For cell with both legacy UEs and Rel-19 NES-capable UEs 
0. Rel-19 NES-capable UE’s PCell (Connected mode) 
0. Study from the following options:
0. Option A1: adaptation for CD-SSB
0. Option A2: adaptation for SSB that is not CD-SSB
0. [bookmark: _Hlk164286497]Option A3: adaptation for SSB not on sync raster
0. Rel-19 NES-capable UE’s SCell 
1. Study from the following options:
0. Option B1: adaptation for CD-SSB
0. Option B2: adaptation for SSB that is not CD-SSB
0. Option B3: adaptation for SSB not on sync raster
0. FFS: Rel-19 NES-capable UE in idle/inactive mode
1. Note: Impact to idle/inactive UEs shall be minimized 


If SSBs with adaptation in time domain are transmitted then preventing legacy UE from using these for initial access should be considered as the above agreement described “	Note: Impact to idle/inactive UEs shall be minimized”. If the legacy idle/inactive UEs would not detect the SSB or recognize that the SSB is not suitable for access at the early stage, the negative UE impact in terms of access latency, RRM measurement, and performance can be reduced.
For scenario where SSB with adaptation in time domain is cell-defining SSB defined in the above agreement, two options could be considered as a solution for prevention of legacy idle/inactive UEs.
First option is to indicate “cell barred” in the MIB of the SSB for the benefit of the legacy UE. The MIB contains a field of “cellbarred” which indicates access barring to the legacy UE. To prevent accessing by the legacy UE, the field of “cellbarred” in MIB carried by the SSB with coarse periodicity could be always ON, then the legacy UE would try to search different SSB. Rel-19 NES UE can ignore the field of “cellbarred” then use the SSB for initial access.
Fourth option is to apply scramble code to a PBCH in the SSB. According to TS 38.212[5], no scramble code is currently applied to the PBCH. If the legacy UE would try to decode PBCH with a  scramble code, the PBCH decoding would be failed and then UE will determine cell access failure due to failure of MIB acquisition. Rel-19 NES UE can successfully decode the PBCH because the Rel-19 NES UE knows about the scramble code.
On the other hand, NCD SSB and SSB not on sync raster are alternative solutions as the above agreement mentioned.
NCD SSB is not used by the legacy UE for initial access. The legacy UE would try to search for a different SSB if the legacy detects a NCD SSB. Rel-19 NES UE can ignore the indication of NCD SSB then use the SSB for initial access.
For the SSB not on existing sync raster, the legacy UE search a SSB by using a sync raster defined in TS 38.101[4] and would not search for adapted SSB not on sync raster if the SSB is located on different sync raster. Rel-19 NES UE can search SSB on both legacy sync raster and new sync raster.
The above solutions would be helpful for the legacy idle/inactive mode UE to prevent accessing by using the SSBs with adaptation in time domain.
Proposal 2: One or more mechanisms should be considered to prevent legacy idle/inactive UEs from initially accessing by using SSBs with adaptation in time domain. The following options are candidates for such study:
· Indicating “cell barred” in cellBarred on the MIB to the legacy UE
· Applying scramble code to PBCH
· Indicating as non-cell defining SSB
· Locating not on sync raster

Adaptation of PRACH in time domain
In RAN1#116bis meeting [4], the following agreement about adaptation of PRACH in time domain was made.Agreement
For adaptation of PRACH in time-domain, support at least the following: 
1. Adaptation based on additional PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
1. Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
1. Configuration of additional PRACH resources is provided by semi-static signalling
1. FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
1. FFS: adaptation mechanism for additional PRACH resources
1. Note: No change to the existing PRACH configuration tables in 38.211


In the above agreement, “	FFS: adaptation mechanism for additional PRACH resources” is still open issue.
In our view, PRACH resource should be dynamically adapted depending on the load of PRACH transmission. For example, if there are only a few idle mode UEs in the NES cell, only little PRACH resources (e.g. reducing periodicity of PRACH resource) should be allocated because PRACH collision among the few UEs would rarely occur. A gNB would then be able to go sleep during intervals when PRACH is not allocated. On the other hand, if there are many idle mode UEs in the NES cell, the PRACH resource needs to be increased, because PRACH collision probability would increase due to limited PRACH resource. Therefore, to adapt PRACH resource depending on the load of PRACH transmission, dynamic signalling would be useful.
For signalling of adaptation of PRACH, broadcast message (e.g. DCI format 1_0 with SI-RNTI), paging (e.g. DCI format 1_0 with P-RNTI, paging message), and control message during RACH procedure (e.g. Msg2) could be candidate messages able to be received by an idle/inactive mode UE. By broadcast message such as DCI format 1_0 with SI-RNTI, the idle/inactive mode UE could receive signalling of adaptation of PRACH. However, since the UE may not monitor every broadcast message for the purpose of the UE power saving once it is successfully received, the UE behavior may need to be changed in order to frequently receive. For paging message, NR supports paging to indicate SIB modification. Therefore, it may be reused for signalling of adaptation of PRACH. Msg2 may also be considered for the signalling. However, since Msg2 is basically a UE-specific message, it would be preferable to use Msg2 together with other broadcasted messages together.
Proposal 3: Dynamic signalling for adaptation of PRACH should be supported. For signalling of adaptation of PRACH, the following messages for indicating to idle/inactive mode UE would be candidate for further study:
· Broadcasted DCI format 1_0 (with SI-RNTI, P-RNTI, or new RNTI)
· Paging message
· Msg2

[bookmark: _Hlk47386123]Conclusions
The following observations and proposals were made in this contribution.
Observation 1: For initial cell selection, legacy UE assumes 20 msec of SSB periodicity. If SSB periodicity on initial bandwidth part is changed to more than 20 msec, it would impact on initial access for legacy UEs.
Observation 2: Periodicity of non-cell defining (NCD) SSB can be configured up to 160 msec since Rel-15 NR. There would be no negative impact to legacy UEs if the NCD SSBs with coarse periodicity up to 160 msec are transmitted.
Observation 3: Adapting SSB periodicity to more than 20 msec for initial access and/or more than 160 msec periodicity for other purposes is not recommended for legacy UEs. Such SSBs can however be used by Rel-19 NES UE for all purposes.
Proposal 1: Support adaptation of SSB periodicity in Release 19 NES for both connected mode UE and idle/active mode UE.
Proposal 2: One or more mechanisms should be considered to prevent legacy idle/inactive UEs from initially accessing by using SSBs with adaptation in time domain. The following options are candidates for such study:
· Indicating “cell barred” in cellBarred on the MIB to the legacy UE
· Applying scramble code to PBCH
· Indicating as non-cell defining SSB
· Locating not on sync raster
Proposal 3: Dynamic signalling for adaptation of PRACH should be supported. For signalling of adaptation of PRACH, the following messages for indicating to idle/inactive mode UE would be candidate for further study:
· Broadcasted DCI format 1_0 (with SI-RNTI, P-RNTI, or new RNTI)
· Paging message
· Msg2
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