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1. [bookmark: _Ref521334010]Introduction
In RAN# 102, a new work item on Rel-19 NES was approved. One objective of the work item is to specify the adaptation of common signal/common transmission, and the objectives for the adaptation of common signal/channel transmission including the following aspects.
	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, we will discuss the potential specification impacts for the adaptation of common signal/channel transmissions.
2. Discussion
2.1. [bookmark: _GoBack]Adaptation of SSB in time domain
· The scenarios of adaptation mechanisms of SSB in time domain
In RAN1#116bis meeting [1], it was agreed to study adaptation mechanism(s) of SSB in time-domain scenario(s) as following:
	Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 


In NR system, both of CD-SSB and NCD-SSB are supported. According to TS 38.300 v18.1.0 [2], CD-SSB refers to a SSB associated with an RMSI and located on synchronization raster, which can be used by both of RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UE(s). And NCD-SSB refers to a SSB not associated with an RMSI, which can be used only by RRC_CONNECTED UE(s) when the active BWP does not contain the CD-SSB. The functions of CD-SSB and NCD-SSB for different state UEs are summarized as follows:
· For RRC_IDLE/INACTIVE UE, CD-SSB can be used for cell selection/reselection. The UE searches the CD-SSB located on the synchronization raster and perform cell selection/reselection procedure. Once the UE detects a CD-SSB, it can acquire the SSB periodicity by reading SIB1 with candidate values of {5, 10, 20, 40 , 80, 160} ms.
· For RRC_CONNECTED UE, if active DL BWP contains a CD-SSB, or if active DL BWP doesn’t contain CD-SSB and configured with a NCD-SSB, the UE can use CD-SSB or NCD-SSB to perform RLM, BFD, and RRM measurements and measurements for RA resource selection inside the active DL BWP. For CD-SSB, the network configures the periodicities with candidate values of {5, 10, 20, 40, 80, 160} ms. For NCD-SSB, the network configures only periodicities that are larger than the periodicity of serving cell's CD-SSB. If the network doesn’t configure the periodicity of NCD-SSB, the UE applies the SSB periodicity of the CD-SSB in the serving cell. 
Observation 1: For RRC_IDLE/INACTIVE UE and RRC_CONNECTED UE, the periodicity of CD-SSB supports to be configured with candidate value of {5, 10, 20, 40, 80, 160} ms.
Observation 2: For RRC_CONNECTED UE, the periodicity of NCD-SSB should be the periodicities that are larger than or equal to the periodicity of serving cell's CD-SSB.
For Rel-19 NES-capable UE in RRC_IDLE/INACTIVE mode, the adaptation mechanism of CD-SSB in time-domain can consider below two options:
· Option 1: using legacy system information (SI) update mechanism
· Option 2: introducing a new adaptation mechanism of CD-SSB periodicity
In Rel-15 NR, it has supported adapting SSB periodicity parameter by using SI update mechanism (Option 1). In legacy SI update mechanism, the UE shall receive indication about SI update via Short Message transmitted with paging DCI, and then receive updated SI message scheduled by DCI with SI-RNTI in next modification period where SI update indication is transmitted. For Rel-19 NES-capable UE, at least the legacy SI update mechanism (Option 1) can be reused for adaptation mechanism of CD-SSB in time-domain. However, Option 1 means gNB needs to transmit amounts of control signaling to update SSB periodicity, and apply updated SSB periodicity in next modification period. 
To avoid frequently sending the indication about SI update, Option 2 can be considered which is to introduce a new adaptation mechanism of CD-SSB periodicity, for example, via a dynamic/semi-static indication to update CD-SSB periodicity directly. In this way, Rel-19 NES-capable UE can quickly obtain updated CD-SSB periodicity, so that gNB can also quickly enter energy saving mode.   
Proposal 1：For Rel-19 NES-capable UE in RRC_IDLE/INACTIVE mode, the adaptation mechanism of CD-SSB in time-domain can at least support using legacy system information (SI) update mechanism, and further study introducing a new adaptation mechanism of CD-SSB periodicity.
For RRC_CONNECTED UE, the periodicity of NCD-SSB is determined based on ssb-Periodicity-r17 in NonCellDefiningSSB, following the principle that the periodicity of NCD-SSB is larger than or equal to the periodicity of CD-SSB in the serving cell. It should be noted that a PCell always contains a CD-SSB, and a UE’s SCell can also be another UE’s PCell. From the perspective of gNB, in most of cases, the power consumption of a serving cell should consider both of CD-SSB and NCD-SSB. The problem is, even if the periodicity of NCD-SSB is configured with a large value, such as 160 ms, but the periodicity CD-SSB is configured with a small value, such as 20 ms, gNB still finds it difficult to enter deep sleep mode due to CD-SSB. In another word, even for RRC_CONNECTED UE’ PCell/SCell, the bottleneck of network power saving is still the periodicity of CD-SSB. In our view, the adaptation mechanism(s) of SSB in time-domain should support both of adaptation for CD-SSB and adaptation for NCD-SSB for PCell and SCell of Rel-19 NES-capable UE in RRC_CONNECTED. 
Proposal 2: For Rel-19 NES-capable UE in RRC_CONNECTED, adaptation mechanism(s) of SSB in time-domain can support for following scenario(s)
· Rel-19 NES-capable UE’s PCell 
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Rel-19 NES-capable UE’s SCell 
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB

· Adaptation mechanisms of SSB in time domain
In RAN1#116 meeting [3], it has agreed to further study the adaptation mechanisms of SSB as follows.
	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


The most effective method is to adapt the SSB burst periodicity or SSB burst transmission position. When gNB isn’t in NES mode, the SSB burst periodicity is 20 ms. When the traffic load of gNB becomes light and gNB can enter into NES mode, the SSB burst transmission can be adapted to following options:
· Option 1: SSB burst transmission with periodicity larger than 20 ms
· Option 2: SSB burst transmission pattern with N consecutive SSB burst transmissions in a long cycle
[image: ]
[bookmark: _Ref163032496]Figure 1: Example for adaptation mechanisms of SSB in time domain

For option 1, it’s directly adaptation of SSB burst periodicity based on specified SSB burst periodicity, e.g 80 ms, as shown in Figure 1 When the gNB enters into NES, the SSB burst periodicity can be adapted to 80 ms from 20 ms to save energy.
For option 2, gNB can configure the long cycle X of SSB burst transmission pattern, the short periodicity Y of the SSB burst within a pattern and the number N of SSB burst within a pattern. For example, as shown in Figure 1, the long cycle of SSB burst transmission pattern is 160 ms, and the periodicity of SSB burst within the pattern is 20 ms and the number of SSB burst within the pattern is 3. When the gNB enters into NES, the gNB applies the above SSB burst transmission pattern to save energy. 
Generally, if the UE in idle/inactive state is out-of-sync with network, it needs to perform AGC and channel tracking based on 3 SSBs to meet 0.1ppm frequency stability requirements before decoding the paging PDCCH and paging PDSCH. For option 1, if the SSB periodicity is increased to 80 ms, the corresponding preparation time before paging reception is extended to hundreds of milliseconds, such as 240 ms for 3 SSBs, which will reduce UE power saving time. But for option 2, the long cycle of SSB bursts transmission pattern could be 160 ms to provide network energy saving gain and the periodicity of SSB bursts within long cycle could be 20ms to assist the UE to perform AGC and channel tracking. Considering the ACG and channel tracking issue for UE in idle/inactive, option 2 can achieve a trade-off between network energy savings and UE power savings. Also, the details on how to indicate / configure SSB burst transmission pattern to UE can be further studied. 
Proposal 3: For adaptation of SSB in time-domain, SSB burst transmission pattern with N consecutive SSB burst transmissions in a long cycle can be considered.

· Signaling design
In current specification, the CD-SSB periodicity is configured by SIB1 and can be adapted by system information (SI) update mechanism via BCCH medication. However, the BCCH modification requires a modification period which is numbers of paging cycle, and requires lots of DCI indications. And the periodicity of NCD-SSB is configured by RRC, and updated value by RRC signaling as well. To reduce signaling overhead and achieve a fast SSB adaptation indication, the following signaling design on CD-SSB /NCD-SSB adaptation indication can be further considered for Rel-19 NES-capable UEs:
· Paging DCI
· PEI
· New DCI
· LP-WUS 
Proposal 4: The following signaling design on CD-SSB/NCD-SSB adaptation indication can be further considered for Rel-19 NES-capable UEs:
· Paging DCI
· PEI
· New DCI
· LP-WUS
2.2. Adaptation of PRACH in time domain
In RAN1#116bis meeting, it has been agreed to further study the adaptation of PRACH in time domain as follows [1]:
	Agreement
For adaptation of PRACH in time-domain, support at least the following: 
· Adaptation based on additional PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· Configuration of additional PRACH resources is provided by semi-static signalling
· FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
· FFS: adaptation mechanism for additional PRACH resources
· Note: No change to the existing PRACH configuration tables in 38.211

Agreement
For adaptation of PRACH in time-domain, support the following: 
· SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any)
· FFS: whether/how to handle SSB-RO mapping if the additional PRACH resources overlap in both time and frequency with the PRACH resources for legacy UEs
· Note: SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources
· FFS: SSB-RO mapping for the additional PRACH resources 

Agreement
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode


Regarding the configuration of additional PRACH resources for Rel-19 UEs, there are two potential additional PRACH resource configuration schemes. The first scheme (scheme 1) is that gNB provides an additional PRACH configuration index for Rel-19 UE (defined in Table 6.3.3.2 in TS 38.211). For example, gNB uses different index (index for legacy PRACH resources and index for additional PRACH resources) to indicate ROs resources for the legacy UE and Rel-19 UE via SIB1/RRC. Rel-19 UE can use both additional PRACH resources and the PRACH resources for legacy UE. Another scheme (scheme 2) is that gNB provides an offset of ROs based on the legacy PRACH configuration for Rel-19 UE. The offset of ROs can be a time domain offset. After receiving the index configuration and the offset of ROs, Rel-19 UE shall add a time domain offset to the PRACH resource for legacy UEs to obtain the additional RO resources.
As shown in Figure 2, using the above two schemes of additional PRACH resources, additional PRACH resources can be independently configured for the Rel-19 UE. This part of ROs can be configured at relatively flexible positions in the period, and the gNB has more opportunities to sleep. When the RO is distributed in more than half of the subframes in the wireless frame (e.g. index#132 and index#154, defined in Table 6.3.3.2 in TS 38.211), scheme 2 is no longer used.
Proposal 5: Additional PRACH resources for Rel-19 UE are configured by semi-static signaling, with the following two potential schemes: 
· Scheme 1: gNB provides an additional PRACH configuration index for Rel-19 UE.
· Scheme 2: gNB provides a time domain offset based on the legacy PRACH configuration for Rel-19 UE. 
[image: ]
Figure 2: An example of ROs configuration scheme
The configuration of scheme 1 is based on the existing PRACH configuration table. In this case, different indexes may correspond to the same location in the time domain, so scheme 1 may have the problem of overlapped ROs. While, since configuration scheme 2 is to add time domain subrame offset based on the PRACH for legacy UE, it can avoid overlapped ROs through reasonable configuration.
Observation 3: The scheme that gNB provides an additional PRACH configuration index for Rel-19 UE may result in overlapped ROs with PRACH for legacy UE.
Due to the existence of overlapped RO, it is necessary to design a mapping relationship between overlapped RO and SSB. In our view, the overlapped RO needs to follow the mapping of the legacy RO to avoid the impact on the legacy UE, as shown in Figure 3.
[image: ]
[bookmark: _Ref166069040]Figure 3: Mapping relationship between overlapped RO and SSB
Proposal 6: The overlapped RO is mapped to the same SSB(s) as that of the legacy RO to avoid the impact on the legacy UE.
2.3. Adaptation of PRACH in spatial domain
In RAN1#116-bis meeting, it has been agreed to further study the adaptation of PRACH in spatial domain as follows [1]:
	Agreement
For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH re map source allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any), 
· Assume the following framework for network energy evaluation in FR1 and companies to report at least the below settings used in the evaluation/simulation
· 20ms SSB period
· 30kHz SCS, DDDSU TDD pattern
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E1: PRACH configurations 
· (legacy) PRACH resources according to the following PRACH configuration for all transmitted SSBs
· Case A1-1: PRACH configuration #5 (20ms) 
· Case A1-2: PRACH configuration #17 (10ms) 
· Case A2-1: PRACH configuration #0 (160ms) 
· (time-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration for all transmitted SSBs
· Case B1: PRACH configuration #17 (10ms) 
· Case B2: PRACH configuration #0 (160ms)
· Companies to report details of assumed time domain adaptation mechanism 
· (spatial-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration 
· Case C1: PRACH configuration #17 (10ms) 
· Case C2: PRACH configuration #0 (160ms)
· Companies to report details of assumed spatial domain adaptation mechanism, including details of non-uniform PRACH resource allocation across SSBs
· Setting F: Cat 1/Cat 2 BS as defined in TR38.864
· Setting G1: Number of SSB beams: 4,8 SSBs in a SSB burst with SSB pattern case C
· Note 1: Baseline to compare is Case C1 vs Case B1/A1-1/A1-2, Case C2 vs Case B2/A2-1
· Note 2: It is up to company to report the SSB-RO mapping ratio and FDMed RO number, etc
· Note 3: Other PRACH configuration index with different PRACH format other than format 0 is not precluded
· Note 4: Other SSB/SIB1/RACH periodicity/PRACH resource/configuration assumptions are not precluded (up to companies to report)
· Other frameworks for network energy evaluation are not precluded, e.g. including for FR2



According to the agreement, spatial-domain PRACH adaptation scheme can indicate non-uniform PRACH resource allocation across SSBs. For network energy evaluation, we assume ssb-perRACH-Occasion N=1, which means that one SSB corresponds to one RO. Cell load is assumed as empty. The patterns of CaseA1-1 and Case A1-2/B1 in the agreement are as shown in Figure 4. 
[image: ]
Figure 4: Pattern of CaseA1-1 and Case A1-2/B1

The Case C1 can be divided as follows according to the difference of muted ROs index. 
·Muting one additional RO
·Case C1-1: Muting additional RO#0 (same as muting additional RO#2)
·Case C1-2: Muting additional RO#1 (same as muting additional RO#3)
·Muting two additional ROs
·Case C1-3: Muting additional RO#0 and RO#1 (same as muting additional RO#2 and RO#3)
·Case C1-4: Muting additional RO#0 and RO#2 
·Case C1-5: Muting additional RO#1 and RO#3 
·Case C1-6: Muting additional RO#0 and RO#3 (same as muting additional RO#1 and RO#2)
·Muting three additional ROs
·Case C1-7: Muting additional RO#1, RO#2 and RO#3 
·Case C1-8: Muting additional RO#0, RO#2 and RO#3
The patterns of the above cases are shown in Figure 5.

[image: ]
Figure 5: Case C1 can be divided into 8 cases

[image: ]

Figure 6: Power consumption ratios of all cases (Case A1-1 as baseline)

Figure 6 shows the evaluated results for Case C1 vs Case B1/A1-1/A1-2.For Case A1-2/B1, when the RO period is decreased to 10ms, the power consumption is increased by 48.2%. For Case C1, the power consumption is increased by 4.0% (when gNB mutes three additional ROs) to 45.6% (when gNB mutes the second additional RO).
Observation 4: For adaptation of PRACH in spatial domain, considering different scenarios with non-uniform distribution of UEs in different SSB beams, the spatial-domain PRACH adaptation mechanism shows about 4.0% to 45.6% increase of network energy compared with using Case A1-1 as baseline.
2.4. Adaptation of paging in time domain
In RAN1#116 meeting, for adaptation of paging, it was agreed that details of the specifications should be handled by RAN2 [1]:
	Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2



In RAN2#125bis meeting, the following agreements were achieved:
	Agreements on paging adaptation:
1.	From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2.	For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3.	For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
 	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)



According to the above agreements, two options for paging-related configuration were proposed by RAN2. For option 1, there are only Rel-19 UEs since legacy UE is barred. Paging adaptation could be performed on certain parameters (e.g. paging cycle, number of PFs per paging cycle, number of POs per PF) of the paging resources configured for these Rel-19 UEs. Considering the adaptation procedure, multiple paging resource configurations, each with different parameters, may be configured. And one of the configurations is dynamically activated for Rel-19 UE. For option 2, legacy paging resource configuration is additionally required for legacy UEs. During adaptation, Rel-19 UE could also be indicated to apply the legacy configuration in case of non-NES scenario. In addition, from gNB’s perspective, two configurations (one for legacy UE, and another one for Rel-19 UE) may be activated simultaneously. The PO distribution of these two configurations has impact on PEI, such as the time location of PEI-O, and the association between PEI and PO, which should be further studied.
Proposal 7: Multiple paging resource configurations are configured for Rel-19 UE. Paging adaptation is performed by dynamically switching among these configurations.
Proposal 8: Due to the introduction of paging resources for Rel-19 UEs, PEI impact, such as the time location of PEI-O, and the association between PEI and PO, should be further studied.
As mentioned in section 2.1, the adaptation of SSB would impact the PO configuration. This implies adaptation of SSB and adaptation of paging may happen simultaneously. On the other hand, the use case of independent adaptation of paging is not clear. Therefore, instead of separate adaptation indication for different signals/channels, a common signaling is preferred to indicate adaptation of SSB/PRACH/paging for more efficiency.  
Proposal 9: A common signaling is preferred to indicate adaptation of SSB/PRACH/paging.

3. Conclusion
In this contribution, the potential spec impacts for adaptation of common signal/channel transmission are discussed. The observations and proposals are summarized as follows:
Observation 1: For RRC_IDLE/INACTIVE UE and RRC_CONNECTED UE, the periodicity of CD-SSB supports to be configured with candidate value of {5, 10, 20, 40, 80, 160} ms.
Observation 2: For RRC_CONNECTED UE, the periodicity of NCD-SSB should be the periodicities that are larger than or equal to the periodicity of serving cell's CD-SSB.
Observation 3: The scheme that gNB provides an additional PRACH configuration index for Rel-19 UE may result in overlapped ROs with PRACH for legacy UE.
Observation 4: For adaptation of PRACH in spatial domain, considering different scenarios with non-uniform distribution of UEs in different SSB beams, the spatial-domain PRACH adaptation mechanism shows about 4.0% to 45.6% increase of network energy compared with using Case A1-1 as baseline.
Proposal 1：For Rel-19 NES-capable UE in RRC_IDLE/INACTIVE mode, the adaptation mechanism of CD-SSB in time-domain can at least support using legacy system information (SI) update mechanism, and further study introducing a new adaptation mechanism of CD-SSB periodicity.
Proposal 2: For Rel-19 NES-capable UE in RRC_CONNECTED, adaptation mechanism(s) of SSB in time-domain can support for following scenario(s)
· Rel-19 NES-capable UE’s PCell 
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Rel-19 NES-capable UE’s SCell 
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
Proposal 3: For adaptation of SSB in time-domain, SSB burst transmission pattern with N consecutive SSB burst transmissions in a long cycle can be considered.
Proposal 4: The following signaling design on CD-SSB/NCD-SSB adaptation indication can be further considered for Rel-19 NES-capable UEs:
· Paging DCI
· PEI
· New DCI
· LP-WUS
Proposal 5: Additional PRACH resources for Rel-19 UE are configured by semi-static signaling, with the following two potential schemes: 
· Scheme 1: gNB provides an additional PRACH configuration index for Rel-19 UE.
· Scheme 2: gNB provides a time domain offset based on the legacy PRACH configuration for Rel-19 UE. 
Proposal 6: The overlapped RO is mapped to the same SSB(s) as that of the legacy RO to avoid the impact on the legacy UE.
Proposal 7: Multiple paging resource configurations are configured for Rel-19 UE. Paging adaptation is performed by dynamically switching among these configurations.
Proposal 8: Due to the introduction of paging resources for Rel-19 UEs, PEI impact, such as the time location of PEI-O, and the association between PEI and PO, should be further studied.
Proposal 9: A common signaling is preferred to indicate adaptation of SSB/PRACH/paging.
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