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1. Introduction
In RAN#102, a new WI [1] of enhanced network energy savings for NR was approved, and it was agreed to specify adaptation of common signal/channel transmissions as shown below.
	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 discuss and provide our views on adaptation of SSB/PRACH in time domain, adaptation of PRACH in spatial domain, and adaptation of paging occasions for NES.

2. Discussion
2.1. Adaptation of SSB in time domain
When there is no data to transmit, the gNB can reduce power consumption by transitioning to the sleep state and turning off some of the components related to transmission for a period. However, even if there is no data to transmit, the gNB should return to the active state because the common signals/channels such as SSB need to be transmitted every periodicity. As the number of SSB indexes increases (e.g., for higher frequency or larger subcarrier spacing), the energy saving gain is reduced because the active time occupied by SSB symbols increases, which reduces the time the gNB spends in the sleep state.
As the periodicity of a common signal such as SSB is increased, the power consumption can be further reduced because the gNB can stay in the sleep state longer. However, since SSB is essential for procedures such as cell detection/(re)selection, synchronization, and initial access of the UE, a long SSB periodicity may cause problems on the above procedures and/or performance degradation. For example, the long SSB periodicity may cause inaccurate time/frequency synchronization and SSB reception performance degradation for legacy UEs, where it may make it difficult to select the best serving cell especially in the initial cell selection procedure. Therefore, it may be desirable to limit SSB adaptation in the time domain to be applied only in SCell considering the legacy UE impact. 

Proposal #1: Considering the impact of legacy UE, restrict SSB time domain adaptation to only SCell.

To reduce the symbols occupied by SSB transmissions in time domain, it may be considered to increase the periodicity of an SSB burst or SSB index (group) comprising an SSB burst, or to turn on/off (i.e., skipping) certain SSB index (group) within an SSB burst. If the gNB can dynamically indicate the periodicity of SSB bursts/SSB index (group) or skipping of SSB index(es) through L1 signaling such as group-common DCI, the energy saving gain can be increased.
However, if the skipping of SSB index (group) is dynamically adapted, it may be a heavy burden from the perspective of UE implementation, because each time the SSB index (group) comprising the SSB burst changes, the SSB-to-RO mapping has to be performed again accordingly. On the other hand, if the periodicity of SSB index(group) in the SSB burst is dynamically adapted, the SSB-to-RO mapping does not need to be remapped each time the period of the SSB index (group) changes dynamically, because the configuration of the SSB index (group) in the SSB burst may be changed (i.e., a specific SSB index (group) may be present or absent), but the SSB-to-RO mapping remains the same. Therefore, the adaptation techniques that do not require SSB-to-RO remapping are preferred when SSB can be dynamically adapted in the time domain via L1 signaling such as (group-common) DCI or MAC-CE to reduce gNB’s power consumption.

Proposal #2: For the dynamic adaptation of SSB in time domain, the techniques that avoid the impact to legacy SSB-to-RO mapping (applied to legacy UEs) are preferred.

The gNB can configure two SSB configurations: sparse SSB (i.e., a SSB configuration with relatively long periodicity), and dense SSB (i.e., a SSB configuration with shorter periodicity) that can be dynamically activated when shorter periodicity of SSB is required, considering the trade-off between gNB power consumption and the UE impact. For example, the gNB can configure a sparse SSB with a periodicity of 80 ms and a dense (additional) SSB with a period of 20 ms that may be added between sparse SSBs as shown in Figure 1. Initially, the UE can receive only sparse 80 ms periodic SSBs, and then gNB can dynamically activate additional SSB with a periodicity of 20 ms through an L1 signal such as (group-common) DCI or MAC-CE when the UE needs to receive shorter period of SSBs for handover, synchronization, or measurement, or when the UE requests the transmission of additional SSBs via a pre-configured UL resource (e.g., PRACH).
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Figure 1. Example of SSB adaptation in time-domain

After receiving indication for activating the additional SSB by the (group common) DCI, the UE may expect to receive SSB with a changed periodicity after T ms (or slot) or may be directly indicated to one of the pre-configured timing candidates. Furthermore, the UE may expect to receive SSB with changed periodicity within a time window of a certain duration (that can be configured by gNB) starting at T ms/slot or at indicated timing candidate.
In addition, when the periodicity of SSB burst/SSB index (group) is dynamically adapted, it may be necessary to have a way to guarantee the reception of SSB at the default periodicity. For example, if the SSBs with default periodicity 80 ms are transmitted at 0/80/160 ms, then when the periodicity is changed to 40 ms, SSBs can be transmitted at 0/40/80/120/160 ms.
In addition, the following issues can be discussed to support dynamic adaptation of SSB in time domain: how to handle collision issue of (dynamically activated/deactivated) SSB with other signals/channels and how the NES UE requests activation of the dense SSB.

Proposal #3: gNB can adapt SSB transmission in time domain by configuring long-period SSBs as well as short-period SSBs that can be dynamically activated/deactivated by L1 signaling, such as group-common DCI.
Proposal #4: After SSB adaptation (e.g., activating the additional SSB) is indicated by an L1 signal such as a group common DCI, UE can expect to receive additional SSB during time window after T ms (or slot).

Meanwhile, extending Cell DTX operation from UE-specific signals/channels to common channels (i.e., SSB) is also an option to support the adaptation of SSB in time-domain. The periodicity of SSB can be configured differently between the active period and non-active period of cell DTX. For example, the cell DTX operation can be configured/activated so that dense or sparse SSB bursts are transmitted during active period or non-active period, respectively. In addition, since the additional SSB can be dynamically (de)activated depending on the situations of the cell, the default SSB can be transmitted in sync raster as CD-SSB, while the additional SSB can be transmitted as NCD-SSB (not on sync raster or not including CORESET#0/Type0-PDCCH CSS set configuration) considering the impact to legacy UEs.

Proposal #5: The adaptation of SSB in the time domain can be achieved by extending the cell DTX operation to configure different periodicities of SSB depending on the active or non-active period of the cell DTX.
Proposal #6: At least the dense SSB (i.e., additional SSB) can be transmitted as NCD-SSB considering the impact to legacy UEs.

2.2. Adaptation of PRACH in time domain
To reduce gNB’s power consumption, it is important to reduce the number of periodic transmissions, but it is also important to reduce the number of periodic receptions. From the evaluation results of technique A-1-5 (dynamically adapting PRACH periodicity and occasions) in TR 38.864 [2], it has been shown that reducing the number of receptions of signals such as PRACH, which the gNB must periodically wait to receive, can also achieve significant energy saving gains.
 However, since the access delay of the UE increases proportionally as the PRACH periodicity increases, increasing the PRACH periodicity too long can cause performance degradation of the UE. In addition, although it is possible to adapt RO configuration semi-statically, it requires SI modification, which is time-consuming, so it is necessary to have a more dynamic way to adjust the periodicity of RO than SI modification.
Therefore, to dynamically adjust the PRACH in time domain, the gNB can configure a default RO (relatively sparse RO) for legacy UEs and an additional RO (relatively dense RO, called NES RO) for NES-capable UEs that can be dynamically activated/deactivated to consider scenarios that require shorter periodicity of RO. The NES RO can be configured with different RO periodicities by reusing other parameters within the legacy PRACH configuration, or it can be configured via a separate PRACH configuration.
 Normally, the NES RO is deactivated and all UEs (i.e., both legacy UEs and NES UEs) can only use the default RO, and in case the default RO is insufficient (e.g., large access latency, congestion), the gNB can provide additional NES ROs for NES UEs to use (or NES UEs can request the gNB as needed) as shown in Figure 2. It is worth noting that this PRACH adaptation mechanism is applicable to the scenario where legacy UEs and R19 UEs (NES-capable UEs) coexist and is applicable to UEs in idle/inactive and/or connected modes.
When (de)activation of the RO configuration is indicated by (GC-)DCI or MAC-CE, alignment between the gNB and UE is required for the starting point of the changed RO configuration. In one way, ROs indicated as activation are regarded as available after T (e.g., pre-defined or configured time) from the time of receiving (GC-)DCI or MAC-CE or may be directly indicated among the pre-configured timing candidates. Furthermore, the UE may expect available NES ROs within a time window of a certain duration starting at T ms/slot or at indicated timing candidate. In another way, the activated ROs may take effect from the association (pattern) period after the point at which the (GC-)DCI (or MAC-CE) is indicated.
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Figure 2. Example of PRACH adaptation in time domain

Proposal #7: The gNB can configure a default RO (relatively sparse RO) for legacy UEs and an additional RO (relatively dense RO) for NES-capable UEs that can be dynamically activated/deactivated by L1 signaling, such as (group-common) DCI.

Adopting the dynamic RO adaptation techniques mentioned above, the gNB can alleviate the problems caused by sparse ROs, such as access latency and congestion by adding NES ROs with short periodicity that can only be used by NES UEs, which may reduce the energy saving gain to some extent but can guarantee overall RACH performance in the cell through RO load balancing between legacy UEs and NES UEs. In addition, the following issues can be discussed to support dynamic adaptation of PRACH in time domain: how to activate the NES RO, which RO to be used for retransmissions, and how the NES UE requests activation of the NES RO.

	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


The additional PRACH resource can be configured by using separate RACH configuration, or by adjusting the parameters of the default RACH configuration. For example, if the default RACH configuration provides a PRACH configuration index of 9, the additional RACH resources can be configured with an index of 10 by applying offset value of +1 from default RACH configuration. For another example, the additional PRACH resources can be configured by adding an offset value to parameters set by the PRACH configuration index 9 (configured for the default RACH configuration), such as x, y, and slot number. In the case of RO adaptation by PRACH configuration period, the period of additional RO can be changed to one of {10ms, 20ms, 40ms, 80ms, 160ms}. For example, if the (x, y) value of the default PRACH configuration index is (4, 1), the default RO will have a cycle of 40ms by . If the gNB indicates different (x, y) values, e.g. (2, 1) via different PRACH configurations (index) or offset values, the additional RO may be adjusted in 40 ms cycle.
Regarding adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle, it is necessary to clarify whether the period level is determined based on the default PRACH resource or the additional PRACH resource. In other words, when adaptation is indicated through L1/L2 signaling, it is necessary to clarify whether the additional PRACH resource should be adapted based on the boundary of the default RO’s association (pattern) period or additional RO’s association pattern period.
In addition, if PRACH adaptation can be performed at SSB-to-RO mapping cycle or PRACH configuration level, UE may need to adapt every relatively small number of ROs, which may require frequent adaptation indication (or UE triggering) by the gNB, increasing signalling overhead and processing burden on the UE. Therefore, adaptation at association period/association pattern period level seems preferable for PRACH adaptation considering the NES gain, signalling overhead, and UE burden.

Proposal #8: The following options can be considered to configure additional PRACH resources:
· Option 1: Separate RACH configuration
· Option 2: Adjusting the parameters (e.g., PRACH configuration index) of the default RACH configuration
Proposal #9: Adaptation at association period/association pattern period level is preferred for PRACH adaptation considering the NES gain, signalling overhead, and UE burden. In addition, it is necessary to clarify whether association period/association pattern period as the boundary of adaptation is determined based on the default PRACH resource or the additional PRACH resource.

2.3. Adaptation of PRACH in spatial domain
The legacy PRACH configuration and PRACH time domain adaptation in Section 2.2 provide the same RACH resources corresponding to each SSB beam index. However, allocating the same RACH resource to all SSB beam indices may not always be beneficial in terms of network energy saving. For example, let's assume that there are plenty of UEs that prefer a specific SSB beam index. In this case, if those UEs simultaneously transmit PRACH preambles in the RACH resource for corresponding SSB beam index, the collision probability of PRACH preambles will increase. In addition, it takes a lot of time to solve this situation, which can consume a lot of network energy.
If gNB can realize that there are quite a few UEs in a specific SSB beam direction, or if the UE requests a RACH resource corresponding to a specific SSB beam index, gNB could additionally provide RACH resources corresponding to that SSB beam index. This may lead to load balancing of RACH resources and collision avoidance effects. As a result, the time taken for the entire RACH procedure may be reduced, which may be beneficial in terms of network energy saving.

Observation #1: PRACH spatial domain adaptation scheme can be beneficial in terms of network energy saving.

gNB should provide a PRACH configuration for PRACH spatial domain adaptation, which can be considered in two approaches. One is to configure the PRACH configuration by adjusting some parameters of the legacy PRACH configuration, and the other is to provide a separate PRACH configuration. Here, it will be important to design PRACH spatial domain adaptation so that it does not affect the legacy RO according to the legacy PRACH configuration.
To allocate non-uniform PRACH resources per SSB, it may be considered to configure different SSB-to-RO mapping parameters (e.g., ssb-perRACH-Occasion) for different SSB indexes (groups). Alternatively, it may be considered that gNB first configures additional PRACH resources associated subset of actually transmitted SSB indexes (separately from PRACH resources configured by legacy PRACH configuration) then indicates whether additional PRACH resources (per SSB index(es)) are activated or deactivated. Also, it would be considered to allocate additional PRACH resources for specific SSB beam index using time/frequency offset from legacy RO configuration.
Moreover, if the PRACH resources can be mapped non-uniformly per SSB, the additional UE behaviour would be considered when the UE selects the RO during RACH procedure. For example, UE selects the SSB beam index with the most RACH resources among the SSB beam indexes that satisfy the criteria (e.g., RSRP threshold).

[bookmark: _Hlk158911172]Proposal #10: At least the following specification impacts can be considered if adaptation of PRACH in spatial domain is adopted and legacy UE impact is to be avoided.
· PRACH configuration method
· SSB-to-RO mapping rule to ensure no legacy UE impact
· Additional UE behaviour for RO selection

2.4. Adaptation of Paging in time domain 
Regarding paging adaptation scheme, two approaches can be considered. The first approach is to allocate NES PF/PO based on time/frequency offset from the legacy PF/PO, and the second approach is to concatenate NES PFs/POs in a time domain window regardless of the legacy PF/PO. For the first approach, since legacy PFs are evenly distributed in the DRX cycle as shown in Figure 3, NES PF would be also evenly distributed in the DRX cycle. On the other hand, for the second approach, NES PF/PO can be allocated consecutively in the time domain, so the second approach would be more useful in terms of network energy saving.
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Figure 3. Example of legacy paging frames and paging occasions

Observation #2: It would be beneficial to consecutively allocate NES PFs/POs in a time domain window in terms of network energy saving.

[bookmark: _Hlk163205461]Meanwhile, when designing the consecutive allocation of NES PF/PO within the time domain window, the following issues need to be considered. Basically, it is preferred to enhance paging configuration so that it does not affect legacy UEs, given a scenario where legacy UEs and Rel-19 NES UEs coexist. That is, even when paging adaptation for NES is introduced, it may be desirable to maintain the legacy PF/PO allocation. In addition, it may be desirable to keep the PO density per DRX cycle (i.e., the total number of POs provided in one DRX cycle through legacy PF/PO configuration) the same even when NES PF/PO is allocated consecutively in the time domain.

Proposal #11: For a paging adaptation scheme in a scenario where legacy UEs and Rel-19 NES UEs coexist, the following two requirements should be met.
· No impact on legacy UE’s paging behaviour
· The total number of POs provided for NES UEs in the DRX cycle is the same as that for legacy UEs to ensure the same level of paging latency for both legacy and NES UEs

In order to allocate multiple NES PFs/POs in a time domain consecutively, several alternatives could be considered. First of all, it may be considered that multiple POs are consecutively allocated starting from specific PO within a specific PF within a DRX cycle for the NES UE as shown in Figure 4. Similarly, it may be considered to allocate multiple PFs contiguously or allocate them consecutively with a regular interval, from a specific SFN. Alternatively, it may also be considered to independently configure/indicate the starting offset of each of POs for every PF, which gives gNB full flexibility of PF/PO configuration at the cost of signaling overhead. 
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Figure 4. Example of paging adaptation in time domain

Among the aforementioned alternatives, we prefer to support indicating a single PF for each DRX cycle and providing multiple POs continuously within that PF, as shown in Figure 4. Here, ‘N’ is defined as the number of PF per DRX cycle, which is determined by ‘PagingCycle’ and ‘nAndPagingFrameOffset’, and these parameters are defined in 38.331 specification [3], as captured in Figure 5.
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Figure 5. Parameters for determination of number of PF within DRX cycle

[bookmark: _Hlk163033981]For example, if ‘nAndPagingFrameOffset’ is configured as ‘oneT’, then the ‘N’ is equal to ‘T’, where ‘T’ is DRX cycle configured by ‘PagingCycle’. For another example, if ‘nAndPagingFrameOffset’ is configured as ‘halfT’, then the ‘N’ is half of ‘T’ (i.e., ‘T/2’). However, the important thing here is that according to current specification, the minimum value of ‘PagingCycle’ is 32 frames, so even if ‘nAndPagingFrameOffset’ is configured as ‘oneSixteenthT’, the ‘N’ would be 2 frames (i.e., ‘32/16’). It means that using current specification, it is impossible to allocate a single PF within the DRX cycle.
Therefore, in order to allow allocating a single PF within the DRX cycle, it can be proposed to introduce additional values (e.g., oneThirtysecondT, oneSixtyfourthT, etc.) in ‘nAndPagingFrameOffset’. For example, if ‘nAndPagingFrameOffset’ is configured as ‘oneThirtysecondT’ and if ‘PagingCycle’ is configured as 32 frames, then the ‘N’ would be single frame (i.e., ‘32/32’). For another example, if ‘nAndPagingFrameOffset’ is configured as ‘oneSixtyfourthT’ and if ‘PagingCycle’ is configured as 64 frames, then the ‘N’ would be also single frame (i.e., ‘64/64’). Furthermore, it is not desirable to indicate the number of PFs within DRX cycle to be less than 1, so it can be defined that the UE expects the number of PFs within DRX cycle to be greater than or equal to 1.

Proposal #12: For a paging adaptation to allow allocating a single PF within the DRX cycle, introduce additional values for ‘nAndPagingFrameOffset’ in PCCH-config.
· For example, ‘oneThirtysecondT’ and ‘oneSixtyfourthT’ can be considered as additional values.
· The UE expects the number of paging frames within DRX cycle to be greater than or equal to 1.

If consecutive NES PFs/POs can be introduced, it is preferred to allocate NES PF/PO to overlap as much as possible with legacy PF/PO. The reason is that when gNB provides paging message to a specific UE-ID, it can send at once through a overlapped PO for legacy UEs and NES UEs, also it prevents legacy UE from unnecessarily waking up when gNB attempts to wake up NES UE. For this purpose, if legacy PO and NES PO are fully overlapped, the UE-IDs to be assigned to the NES PO needs to be defined the same as the UE-IDs allocated to the legacy PO. In addition, it is necessary to discuss whether to reuse legacy PEI or introduce new PEI (e.g., NES PEI DCI or NES PEI-O) when NES PF/PO is introduced.

Proposal #13: If a PO configured for NES UEs is overlapped with that configured for legacy UEs, the UE-IDs to be assigned to the PO should be kept the same regardless of legacy UEs and NES UEs.

3. Conclusions
In this contribution, the adaptation of common signal/channel was discussed, and the followings were proposed.
Proposal #1: Considering the impact of legacy UE, restrict SSB time domain adaptation to only SCell.
Proposal #2: For the dynamic adaptation of SSB in time domain, the techniques that avoid the impact to legacy SSB-to-RO mapping (applied to legacy UEs) are preferred.
Proposal #3: gNB can adapt SSB transmission in time domain by configuring long-period SSBs as well as short-period SSBs that can be dynamically activated/deactivated by L1 signaling, such as group-common DCI.
Proposal #4: After SSB adaptation (e.g., activating the additional SSB) is indicated by an L1 signal such as a group common DCI, UE can expect to receive additional SSB during time window after T ms (or slot).
Proposal #5: The adaptation of SSB in the time domain can be achieved by extending the cell DTX operation to configure different periodicities of SSB depending on the active or non-active period of the cell DTX.
Proposal #6: At least the dense SSB (i.e., additional SSB) can be transmitted as NCD-SSB considering the impact to legacy UEs.
Proposal #7: The gNB can configure a default RO (relatively sparse RO) for legacy UEs and an additional RO (relatively dense RO) for NES-capable UEs that can be dynamically activated/deactivated by L1 signaling, such as (group-common) DCI.
Proposal #8: The following options can be considered to configure additional PRACH resources:
· Option 1: Separate RACH configuration
· Option 2: Adjusting the parameters (e.g., PRACH configuration index) of the default RACH configuration
Proposal #9: Adaptation at association period/association pattern period level is preferred for PRACH adaptation considering the NES gain, signalling overhead, and UE burden. In addition, it is necessary to clarify whether association period/association pattern period as the boundary of adaptation is determined based on the default PRACH resource or the additional PRACH resource.
Observation #1: PRACH spatial domain adaptation scheme can be beneficial in terms of network energy saving.
Proposal #10: At least the following specification impacts can be considered if adaptation of PRACH in spatial domain is adopted and legacy UE impact is to be avoided.
· PRACH configuration method
· SSB-to-RO mapping rule to ensure no legacy UE impact
· Additional UE behaviour for RO selection
Observation #2: It would be beneficial to consecutively allocate NES PFs/POs in a time domain window in terms of network energy saving.
Proposal #11: For a paging adaptation scheme in a scenario where legacy UEs and Rel-19 NES UEs coexist, the following two requirements should be met.
· No impact on legacy UE’s paging behaviour
· The total number of POs provided for NES UEs in the DRX cycle is the same as that for legacy UEs to ensure the same level of paging latency for both legacy and NES UEs
Proposal #12: For a paging adaptation to allow allocating a single PF within the DRX cycle, introduce additional values for ‘nAndPagingFrameOffset’ in PCCH-config.
· For example, ‘oneThirtysecondT’ and ‘oneSixtyfourthT’ can be considered as additional values.
· The UE expects the number of paging frames within DRX cycle to be greater than or equal to 1.
Proposal #13: If a PO configured for NES UEs is overlapped with that configured for legacy UEs, the UE-IDs to be assigned to the PO should be kept the same regardless of legacy UEs and NES UEs.
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     defaultPagingCycle                  PagingCycle,        nAndPagingFrameOffset                CHOICE   {            oneT                                 NULL ,            halfT                                INTEGER   (0..1),            quarterT                             INTEGER   (0..3),            oneEighthT                           INTEGER   (0..7),            oneSixteenthT                         INTEGER   (0..15)        },     PagingCycle ::=                      ENUMERATED   {rf32, rf64, rf128, rf256}  
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