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1. [bookmark: _Ref521334010]Introduction
In RAN1#116 meeting, the following agreements were achieved related to the adaptation of common signal/common transmission [1]: 
	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
Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)
Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration
Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] 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
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded
Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)
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 this contribution, we will discuss the potential specification impacts for the adaptation of common signal/channel transmissions.
2. Discussion
2.1. Adaptation of SSB in time domain
· Applicable scenarios and legacy UE impact/handling 
In RAN1#116 meeting, it has agreed further study on applicable scenarios and the impact/handling to legacy UE of the adaptation mechanisms of SSB in time-domain.
	Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)


In current specification, for initial cell selection, the UE assumes the SSB is transmitted at least once every 20 ms. For a UE, the duration for initial cell selection within a synchronization raster can be 20ms or longer than 20ms which depends on UE implementation.
Assuming that the duration for initial cell selection for a legacy UE is 20ms, if the periodicity of CD-SSB on Rel-19 NES-cell is adapted to a value longer than 20 ms, e.g. 40ms, there are two possible results for a legacy UE ready to start initial cell selection, as shown in Figure 1: 
· Case 1: Legacy UE starts the initial cell search less than 20ms before the next CD-SSB transmission,  so the UE performs cell search successfully
· Case 2: Legacy UE starts the initial cell search more than 20ms before the next CD-SSB transmission, so the UE cannot find a CD-SSB 
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[bookmark: _Ref162892477]Figure 1: Example for legacy UE performs initial cell selection on Rel-19 NES Cell

In case 1, a legacy UE starts to perform initial cell selection from time instance A and continues for 20 ms, then finds a CD-SSB within 20 ms duration. The legacy UE can decode the CD-SSB and acquire the SSB periodicity by reading ssb-PeriodicityServingCell in SIB1 with the value of 40 ms, which is same as current cell search procedure. 
Observation 1: Once a legacy UE finds the CD-SSB with larger than 20 ms periodicity of Rel-19 NES cell, the legacy UE can perform cell search and acquire actual SSB periodicity by SIB1.
In case 2, a legacy UE starts to perform initial cell selection from time instance B and continues for 20 ms, but can’t search a CD-SSB within 20 ms duration. In this case, the legacy UE will move to the next synchronization raster performing initial cell selection. But if the legacy UE is only in coverage of Rel-19NES cell, there is a risk that the legacy UE can’t detect a CD-SSB for initial cell selection for a long time. 
Observation 2: If a legacy UE misses the most recent CD-SSB transmission of Rel-19NES cell, and is only within the coverage of Rel-19NES, there is a possibility that the legacy UE cannot detect a CD-SSB for initial cell search for a long time.
Thus, to avoid the impact of Rel-19 NES cell to legacy UE that before initial cell selection, for example as the UE in case 2, the Rel-19 NES cell should be considered to deploy within the coverage of normal cell as shown in Figure 2. Even legacy UE can’t access Rel-19 NES cell, it has opportunity to access the normal cell. Also, from the point of Rel-19 NES cell, both legacy UE and Rel-19 UE can access the Rel-19 NES cell. This means the adaptation of SSB in time domain on Rel-19 NES cell should consider both legacy UE and Rel-19 UE. For example, a period always-on SSB can be applied to legacy UE, the adaptation of SSB based on sparse always-on SSB can be applied to Rel-19UE. The details of adaptation mechanisms can be further studied in RAN1.
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[bookmark: _Ref162892574]Figure 2: Example for Rel-19 NES Cell within the coverage of Normal cell

Proposal 1: For NES cell deployment scenarios, to avoid the possibility that the legacy UE fails to find the CD-SSB with larger than 20 ms periodicity on Rel-19 NES cell within acceptable latency, the Rel-19 NES cell can be considered to be deployed within the coverage of normal cells. 
Proposal 2: For adaptation of SSB in time domain, both legacy UE and Rel-19 UE should be allowed in NES cell.
In TR 38.864, one motivation of common signaling adaptation is semi-statically configured SSB transmission may limit the gNB ability to use (deeper) sleep modes to save energy. Some simulations results show the energy saving gain of gNB can increase when the traffic load becomes lighter while the SSB periodicity becomes larger. It can be concluded only when there is light traffic load in gNB, the adaptation of SSB in time domain can achieve a considerable energy saving gain. But a light traffic load in gNB doesn’t means only UE in idle/inactive UE exists in a gNB. There may also be UEs in connected mode without UL/DL transmission requirement. In this situation, if a new adaptation of SSB mechanism in time domain is introduced to NES cell, both Rel-19 UE in idle/inactive and Rel-19 UE in connected mode should be further considered. 
Proposal 3: The adaptation of SSB in time domain is applicable for both Rel-19UE in idle/inactive and Rel-19UE UE in connected mode.

· Adaptation mechanisms of SSB in time domain
In RAN1#116 meeting, it has agreed to further study the adaptation mechanisms of SSB as follow.
	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
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[bookmark: _Ref163032496]Figure 3: 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 3 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 3, 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 4: 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 actual 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. To reduce unnecessary control signaling overhead and achieve a fast SSB adaptation indication, the following signaling design on SSB adaptation indication can be further considered for Rel-19 UE in idle/inactive:
· Paging DCI
· PEI
· New DCI
Proposal 5: the following signaling design on SSB adaptation indication can be further considered for Rel-19 UE in idle/inactive:
· Paging DCI
· PEI
· New DCI
2.2. Adaptation of PRACH in time domain
In RAN1#116 meeting, it has been agreed to further study the adaptation of PRACH in time domain as follows:
	Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· [bookmark: OLE_LINK1]Adaptation based on configuration of additional[/different] 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
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded
Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)


In our view, adaptation of PRACH occasion and concentrating PRACH occasion in time domain are two potential schemes to study. For adaptation of PRACH occasion, gNB can dynamically adapt PRACH occasion by updating the configured PRACH index. For example, when the demand of ROs is low, the gNB can configure a PRACH index with long PRACH resource periodicity, so that gNB has sufficient time to enter sleep mode. And for the scheme of concentrating ROs in time domain, its main purpose is to concentrate more ROs in a limited period which can allow gNB have longer time to sleep. More details on how to concentrate PRACH occasions are discussed in next part. The adaptation of PRACH occasion could be configured based on the legacy random access configurations (defined in Table 6.3.3.2-2 in TS 38.211[2]), and the scheme of concentrating ROs in time domain needs to introduce new random access configurations to achieve a more centralized ROs distribution.  
Proposal 6: For adaptation of PRACH in time-domain, at least support the scheme of adaptation of PRACH occasion and the scheme of concentrating PRACH occasion in time domain.
To ensure sufficient sleeping time for gNB and keep the same number of PRACH occasions (ROs) for UEs, the design of concentrating PRACH occasions (ROs) distribution pattern should be studied. For example, as shown in Figure 4, a legacy ROs distribution pattern can be configured by PRACH configuration index #16 in table 6.3.3.2-2 in TS 38.211, in which the PRACH period is 10 ms with 1 RO. In this situation, the network has to detect on the PRACH resource for every 10 ms period and is unable to enter into deep sleep mode (e.g. at least 50ms time interval is needed for deep sleep). For a concentrating ROs distribution pattern, gNB can configure the periodicity of concentrating ROs distribution pattern is 80 ms, and 8 consecutive ROs distributed in first radio frame of the pattern. 
In this case, the network only need to detect on the first radio frame for every 80ms and enters into deep sleep mode in the rest of radio frames. Thus, a centralized ROs distribution pattern can facilitate network entering into sleep mode in a long time and then obtain energy saving gain.  
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[bookmark: _Ref163061821]Figure 4: An example of centralized ROs distribution pattern

[bookmark: OLE_LINK2]Proposal 7: For additional PRACH resource for Rel-19 UE, a concentrating PRACH occasions distribution pattern can be introduced.   
In the legacy random access procedure, the PRACH resource configuration is configured by SIB1. To achieve NES, additional PRACH resources updating method can be considered for the Rel-19 UE. A possible solution is that the gNB uses separate prach-ConfigurationIndex (index for legacy PRACH resources and index for additional PRACH resources) to indicate PRACH resources for legacy UE and Rel-19 UE via SIB1. According to the agreements of RAN1#116 meeting, Rel-19 UE can use both additional PRACH resources and legacy PRACH resources. In our opinion, Rel-19 UE preferentially uses the additional PRACH resources to avoid competing with the legacy UE using legacy PRACH resources as much as possible.
As shown in Figure 5, when the demand of the ROs is low, gNB may sleep in the gaps between distributed ROs. When the demand of the ROs increases, the gNB has to configure more ROs, which are relatively evenly scattered in various subframes in a period. As a result, the gNB cannot achieve long-term sleep. As mentioned above, additional PRACH resources can be independently configured for the Rel-19 UE by SIB1. This part of ROs can be configured at relatively flexible positions in the period. If they are configured near to the legacy ROs, the gNB has more opportunities to sleep. Further, after being configured by SIB1, the additional PRACH resources could be subsequently updated by DCI. In our opinion, at least prach-ConfigurationIndex could be indicated in the DCI for the adaptation.
Proposal 8: Additional PRACH resources for Rel-19 UE are configured in SIB1 and can be updated by a dynamic signaling.
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[bookmark: _Ref163066712]Figure 5: An example of ROs configuration scheme

Adaptation of PRACH in spatial domain strongly depends on the UE position and beam position. In actual deployment, these factors cannot be controlled. Also, making changes to this part of specification could have a significant impact on legacy UEs. Thus, the necessity and benefit of adaptation of PRACH in spatial domain require further study.
Proposal 9: The necessity and benefit of adaptation of PRACH in spatial domain require further study.
2.3. Adaptation of paging in time domain
For UE in RRC_IDLE and RRC_INACTIVE state, the UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots where paging DCI can be sent. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. In legacy NR system, the PF and PO for paging are determined by the following formulae [3]:
	SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
where 
T: DRX cycle of the UE.
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination


According to the above formulae, PFs are uniformly distributed within a paging cycle. Such distribution may prevent the gNB from staying in sleep state for a relative long time within the paging cycle. Similar as the adaptation mechanism of PRACH, the adaptation mechanism of paging should be applicable to the cell with both legacy and Rel-19 UEs. Then, paging adaptation could be performed on additional POs configured for Rel-19 UEs. 
Proposal 10: Paging adaptation should be performed on additional POs configured for Rel-19 UEs.
Unlike the legacy uniformed PF distribution, the additional POs should be concentrated in the time domain. The following two options could be considered:
· Option-1: Multiple concentrated PFs
· Option-2: Single PF composed of multiple POs
For Option-1, taking Figure 6 as an example, two PFs are configured within the first part of the paging cycle. The default paging cycle is configured in SIB1. After that, gNB would go sleeping for the rest part of the paging cycle. However, the introduction of multiple PFs within one paging cycle aims to distribute the paging occasions more uniformly. Considering the requirement of concentrated POs, a single PF, i.e. Option-2, seems more suitable for additional POs. Since in the current spec, the number of paging occasions for a PF, Ns, is limited to {1,2,4}, the value has to be increased for additional POs. From specification impact’s perspective, the formula of PF determination needs to be modified for Option-1. Option-2 only needs to increase the value of Ns, which causes less spec effort. 
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Figure 6: Distribution of additional POs 
Proposal 11: The following options could be considered for the design of additional POs:
· Option-1: Multiple concentrated PFs
· Option-2: Single PF composed of multiple POs
The following figure further illustrates the NES gain achieved by the new additional PO distribution. Compared with the non-NES configuration shown in Figure 7(a), the NES configuration provides longer time in the second 160ms per paging cycle for gNB to stay in sleep state. On the one hand, the paging adaptation could be performed between non-NES configuration and NES configuration. 
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(a) Non-NES configuration
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(b) NES configuration
Figure 7: Comparison between NES paging configuration and non-NES paging configuration
Proposal 12: Paging configuration can be dynamically switched between non-NES configuration and NES configuration.

On the other hand, for further NES gain, adaptation could also be supported for the additional POs. The following options could be considered:
· Option-1: Adaptation of paging cycle 
· Option-2: Adaptation of the number of PFs per paging cycle
· Option-3: Adaptation of the number of POs per PF
In Figure 8(b), the paging cycle corresponding to additional POs could be adjusted to 640ms instead of the initial 320ms. For Figure 8(c), when there are few UEs in the cell coverage, the number of PFs per paging cycle is decreased from two to one. Similarly, if only a single PF is configured, the number of POs could be reduced. In current NR system, pagingcycle (T), number of PF per pagingcycle (N) and number of PO per PF (Ns) are statically configured. These parameters could be indicated dynamically if adaptation of additional POs is supported.
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(a) Initial paging configuration
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(b) Adaptation of paging cycle
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(c) Adaptation of the number of PFs per paging cycle
Figure 8: Adaptation scheme for additional POs
Proposal 13: For the adaptation scheme for additional POs, considering the following options:
· Option-1: Adaptation of paging cycle 
· Option-2: Adaptation of the number of PFs per paging cycle
· Option-3: Adaptation of the number of POs per PF

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: Once a legacy UE finds the CD-SSB with larger than 20 ms periodicity of Rel-19NES cell, the legacy UE can perform cell search and acquire actual SSB periodicity by SIB1.
Observation 2: If a legacy UE misses the most recent CD-SSB transmission of Rel-19NES cell, and is only within the coverage of Rel-19NES, there is a possibility that the legacy UE cannot detect a CD-SSB for initial cell search for a long time.

Proposal 1: For NES cell deployment scenarios, to avoid the possibility that the legacy UE fails to find the CD-SSB with larger than 20 ms periodicity on Rel-19NES cell within acceptable latency, the Rel-19NES cell can be considered to be deployed within the coverage of normal cells. 
Proposal 2: For adaptation of SSB in time domain, both legacy UE and Rel-19UE should be allowed in NES cell.
[bookmark: _GoBack]Proposal 3: The adaptation of SSB in time domain is applicable for both NES-capable UE in idle/inactive and Rel-19UE in connected mode.
Proposal 4: 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 5: the following signaling design on SSB adaptation indication can be further considered for idle/inactive UE:
· Paging DCI
· PEI
· New DCI
Proposal 6: For adaptation of PRACH in time-domain, at least support the scheme of adaptation of PRACH occasion and the scheme of concentrating PRACH occasion in time domain.
Proposal 7: For additional PRACH resource for Rel-19 UE, a concentrating PRACH occasions distribution pattern can be introduced.   
Proposal 8: Additional PRACH resources for Rel-19 UE are configured in SIB1 and can be updated by a dynamic signalling.
Proposal 9: The necessity and benefit of adaptation of PRACH in spatial domain require further study.
Proposal 10: Paging adaptation should be performed on additional POs configured for Rel-19 UEs.
Proposal 11: The following options could be considered for the design of additional POs:
· Option-1: Multiple concentrated PFs
· Option-2: Single PF composed of multiple POs
Proposal 12: Paging configuration can be dynamically switched between non-NES configuration and NES configuration.
Proposal 13: For the adaptation scheme for additional POs, considering the following options:
· Option-1: Adaptation of paging cycle 
· Option-2: Adaptation of the number of PFs per paging cycle
· Option-3: Adaptation of the number of POs per PF
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