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In RAN#102, a new Rel-19 WID “Enhancements of network energy savings for NR” has been approved with the following objective as one of the objectives [1]:
	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 mainly discuss the above objective. For each sub-topic, we will mainly discuss the necessity of research and possible solutions.
Discussion
0. Adaptation of SSB in time domain
0. Scenarios
For the scenario, RAN1# 116-bis meetings made the following agreements [2].
	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
· [bookmark: _Hlk164286497]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


Regarding the research on SCell's energy-saving solutions, the first objective in WI is already discussing solutions. There is no need to study two parallel solutions for the same scenario at the same time. Therefore, the main applicable scenario under this objective should be PCell. In addition, if there is no further protocol impact, it is not limited to use under SCell.
Proposal 1: Prioritize Rel-19 NES-capable UE’s PCell scenario but can also be extended to Rel-19 NES-capable UE’s SCell scenario.
In PCell, NR SSB mainly has two characteristics in the time domain: one is that beam sweeping is required, as shown in Figure 1; the other is that for the initial access UE, the default period is 20ms. The time domain characteristics of SSB prevent the network side from shutting down and saving power on these symbols even when the network load is light. Therefore, the power consumption of the NR base station is high. 
[image: ]
Figure 1. SSB beam sweeping pattern
Observation 1: The main reason for increasing network energy consumption is the default 20ms SSB transmitting period for idle users.
In addition, in the current specification, the UE can only obtain the SSB period through ssb-periodicityServingCell in SIB1, which can be set to the values in {5ms, 10ms, 20ms, 80ms, 160ms}. The update of the SSB period needs to be completed through the update of system messages. Therefore, it is recommended to introduce a lighter-weight adaptation mechanisms of SSB in time-domain, which can be applied not only to connected users but also to idle/inactive users.
Proposal 2: Rel-19 NES-capable UE in idle/inactive mode supports adaptation mechanism of SSB in time-domain.
For the SCell ​​scenario, the on-demand approach obviously has greater energy-saving gains. However, the on-demand discussion includes two cases:
•Case #1: No always-on SSB on the cell
•Case #2: Always-on SSB is periodically transmitted on the cell
For Case #2, Always-on SSB can also apply the SSB time domain adaptation solution to improve energy-saving gains. Therefore, it is recommended to merge the SCell scenario into the discussion in Section 9.5.1 of the first objective of Rel-19 network energy savings WI.
Proposal 3: The SSB time domain adaptation mechanism for the SCell scenario and the on-demand SSB Scell operation are discussed together.
0. Adaptation mechanisms
Obtaining energy-saving gains by adjusting SSB in the time domain is essentially reducing the number of SSB transmission symbols. However, since SSB is related to initial access, adjusting SSB is likely to affect the access of legacy users. Therefore, it is recommended to avoid introducing new SSB patterns.
Observation 2: Simply adjusting SSB in the time domain will affect the access of legacy users.
Proposal 4: New SSB pattern is not supported.
In actual network deployment, there are large overlaps between cells, especially in some dense urban areas. As shown in Figure 2 below, assuming that there is a 50% overlapping area between cells (depending on the setting of the overlap area threshold), then Cell 2 and Cell 4 are almost covered by the overlapping area with other cells. When the network is busy, dense deployment of the network can improve network capacity and user experience. However, during idle time, if all cells are still in working state, the energy consumption of the network will become a waste. 
Observation 3: Dense networking wastes more energy when the load is light.
Observation 4: In dense networking, the overlapping areas between cells are larger.
Combined with the large overlapping area of dense networking, the SSB period of cells covered by the overlapping area can be lengthened to reduce network energy consumption when the load is light. For example, the SSB beams or part of the SSB beams in Cell 2 and Cell 4 cells can use a longer period, while Cell1/3/5 still uses the 20ms SSB period. This not only does not affect the access of Cell 2/4 legacy users, but also improves the energy saving effect. 
Proposal 5: Support SSB time domain period adaptation without affecting legacy users.
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Figure 2. SSB time domain period adaptation
For the adaptation mechanisms, RAN1# 116 meetings made the following agreements [3].
	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


In order not to affect legacy users, it is recommended to support activation of two configurations. One configuration reuses the existing mechanism, but to improve the energy saving gain, the number of SSBs needs to be reduced. Another configuration is for NES-capable users, who can use larger periodicity.
Proposal 6: Support activation of two SSB configurations, respectively for legacy users and NES-capable users.
0. Triggering mechanisms
For the triggering mechanisms, RAN1# 116-bis meetings made the following agreements.
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger


The adaptation of SSB in time-domain depends on the change in the number of users in the network, and the UE does not know this. Therefore, it is only recommended to use the network to trigger the adaptation of SSB in time-domain. Considering that both idle mode users and connected mode users need to be notified, it is recommended to use group common DCI for instructions.
Proposal 7: Support group common DCI to indicate the adaptation of SSB in time-domain.
0. Adaptation of PRACH
Since the base station side needs to blindly detect all configured PRACH resources, reasonable configuration of PRACH resources becomes particularly critical. The adaptation of existing PRACH resources is configured through SIB1, so it is difficult to quickly match load changes. This section will discuss how to reasonably configure PRACH resources from both the perspectives of the time domain and spatial domain to reduce the energy consumption of base station reception.
1. Adaptation of PRACH in time domain
The following agreements have been reached at the last meeting, so this contribution will further discuss the details of the adaptation of the PRACH in time domain.
	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


The time domain resources of PRACH are configured through the PRACH Configuration Index parameter in the SIB1 message. The table corresponding to this parameter will provide detailed PRACH time domain resource information, including period, slot position, symbol position, and other information. Therefore, the update of time domain resources needs to be implemented through system message update, which is relatively complicated for both the network and the UE.
Observation 5: PRACH time domain resource update needs to be implemented through system message update, which consumes relatively high energy on both the network side and the UE side.
PRACH resources include contention-based access resources and contention-free access resources. Each type of resource can be used in multiple scenarios. For example, contention-based PRACH resources can be used for initial access, SR failure process, etc. Contention-free PRACH resources can be used for processes such as handover and reconfiguration requests. Therefore, the update of PRACH resources needs to consider users in RRC_IDLE, RRC-INACTIVE, and RRC_ACTIVE states respectively, and also needs to consider the impact on legacy users.
Observation 6: The update of PRACH time domain resources needs to be notified to all UEs in any possible RRC state and the impact on existing legacy users needs to be considered.
In order not to affect legacy users, the existing PRACH resource configuration in SIB1 is still retained. However, to save energy consumption, legacy users will be allocated less PRACH resources. For NES-capable users, additional PRACH resources can be configured according to the number of users.
Proposal 8: Configure additional resources for NES-capable users without changing the resource configuration of legacy users.
In order to avoid affecting legacy users, in principle, the configured additional resources should not overlap with the PRACH resources of legacy users in both time and frequency domains. However, such a configuration will result in the introduction of more PRACH resources in both the time domain and the frequency domain, resulting in increased energy consumption on the network side, thereby reducing energy saving gains.
Observation 7: The non-overlapping configuration of additional PRACH resources and legacy PRACH resources will cause the network side to detect on more time-frequency resources, thereby reducing the energy saving gain.
Supporting the overlapping configuration of additional PRACH resources and legacy PRACH resources can minimize unnecessary PRACH resources and improve energy saving gains. However, from the perspective of legacy users, only legacy PRACH resources can be seen. In order to ensure that the network side can correctly understand the SSB beam corresponding to the PRACH resources, it is necessary to ensure that the legacy PRACH resources are not ambiguous or will not be affected by the overlapping configuration. Therefore, it is recommended to support overlapping configuration of additional resources and legacy PRACH resources, but for the network side, there is no ambiguity in the correspondence between SSB and PRACH resources.
Proposal 9: Supports overlapping configuration of additional PRACH resources and legacy PRACH resources and ensures that there is no ambiguity in the correspondence between SSB and PRACH resources.
The PRACH time domain configuration table in the current specification is in Section 6.3.3.2 of 38.211[4], as shown in Figure 2. The table already contains time domain formats under various periods, so this information can be reused for time domain indication. It can be seen from the table that each PRACH format usually contains rows with different periods under the same subframe number. As shown in Figure 3, the subframe numbers are all 1, but the period can be 16 or 8 frames. By taking advantage of this feature, not only can confusion in understanding legacy user and NES-capable user resources be avoided, but instructions can also be simplified. As shown in Figure 3, the period of legacy users is set to 16 frames, and the period of NES-capable users is set to 8 frames. Therefore, we recommend that the additional resource indication for NES-capable users is only to adjust the period for legacy users. For example, the adjustment options can be 8, 4, 2, and 1 frame, and only require 2bits indication.
Observation 8: The existing time domain configuration table contains options for different periods under the same subframe number. This feature can be reused for resource indication for NES-capable users.
Proposal 10：Configure additional PRACH resources by adapting the periodicity of PRACH resources.
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Figure 3. PRACH time domain configuration table
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Figure 4. Configure additional PRACH resources by changing the period
The mapping of SSB and additional PRACH resources can be divided into the following two cases:
· When the period of legacy PRACH resources is equal to the association period, the newly added PRACH resources can still be mapped according to the existing mapping rules. In this scenario, each PRACH period can independently map all SSB beams. Therefore, the additional PRACH resources newly added due to the period adjustment only need to be independently mapped according to the existing mapping rules.
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Figure 5. The PRACH period of legacy users is equal to the association period
· When the period of legacy PRACH resources is less than the association period, the newly added PRACH resources are mapped according to the reverse order of SSB index. Since each PRACH period can only map part of the SSB beam, the additional PRACH resources can be mapped in reverse order. In this way, for NES-capable users, each PRACH period can map the entire SSB beam, which can reduce the access delay.
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Figure 6. The PRACH period of legacy users is smaller than the association period
Proposal 11: The mapping of SSB-RO distinguishes between the cases where the association period is equal to the legacy PRACH period and the case where it is greater than the legacy PRACH period and needs to be discussed separately.
The adjustment of PRACH resources depends on changes in the number of users in the network, and the UE does not know this. Therefore, it is only recommended to use the network to trigger the adjustment of PRACH resources. Considering that both idle mode users and connected mode users need to be notified, it is recommended to use group common DCI for indication.
Proposal 12: Support group common DCI to dynamically adjust PRACH resources.
1. Study adaptation of PRACH in spatial domain
In NR, the PRACH resources for initial access need to bear the function of indicating the best SSB beam selected by the UE. Therefore, the configured PRACH resources are increased by several times, as shown in Figure 7 below.
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Figure 7. Correspondence between initial access PRACH resources and SSB beams
Observation 9: The need to indicate SSB beams causes PRACH resources to increase by several times.
In the operator network, the actual distribution of users is not uniform, especially when the load is light. Therefore, network energy consumption can be saved by turning off certain beams without user distribution. The corresponding PRACH resources of these beams do not need to be configured, and the network side can also reduce the detection of PRACH resources to improve energy-saving gains.
Observation 10: Turning off beams without user distribution can not only reduce downlink network energy consumption, but also reduce uplink energy consumption.
The resource allocation corresponding to PRACH and SSB beams itself is allocated first in the frequency domain and then in the time domain. A simple way to implement non-uniform PRACH resource allocation is to still refer to the existing uniform allocation method. However, in order to increase the deep sleep time of the base station, resources need to be reallocated according to the reduced number of beams to achieve the purpose of concentrating PRACH resources. For example, Figure 4 shows the resource allocation results when the number of SSB beams is reduced to 4. From the perspective of energy saving effect, it is actually similar to the PRACH period adjustment scheme, both of which reduce the energy consumption of the base station by receiving less PRACH resources in the time domain. However, from the perspective of protocol changes and implementation complexity, the impact of non-uniform distribution is greater, so it is recommended to lower the priority.
Observation 11: The adaptation of PRACH in the spatial domain is essentially similar to the adaptation in the time domain, and the standard impact and implementation are more complex.
Proposal 13: Deprioritize the study of adaptation of PRACH in spatial domain.
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Figure 8. Non-uniform PRACH resource allocation method
1. Conclusions
In this contribution, we discuss on adaptation of common signal/channel transmission with the following observations and proposals.
Observation 1: The main reason for increasing network energy consumption is the default 20ms SSB transmitting period for idle users.
Observation 2: Simply adjusting SSB in the time domain will affect the access of legacy users.
Observation 3: Dense networking wastes more energy when the load is light.
Observation 4: In dense networking, the overlapping areas between cells are larger.
Observation 5: PRACH time domain resource update needs to be implemented through system message update, which consumes relatively high energy on both the network side and the UE side.
Observation 6: The update of PRACH time domain resources needs to be notified to all UEs in any possible RRC state and the impact on existing legacy users needs to be considered.
Observation 7: The non-overlapping configuration of additional PRACH resources and legacy PRACH resources will cause the network side to detect on more time-frequency resources, thereby reducing the energy saving gain.
Observation 8: The existing time domain configuration table contains options for different periods under the same subframe number. This feature can be reused for resource indication for NES-capable users.
Observation 9: The need to indicate SSB beams causes PRACH resources to increase by several times.
Observation 10: Turning off beams without user distribution can not only reduce downlink network energy consumption, but also reduce uplink energy consumption.
Observation 11: The adaptation of PRACH in the spatial domain is essentially similar to the adaptation in the time domain, and the standard impact and implementation are more complex.

Proposal 1: Prioritize Rel-19 NES-capable UE’s PCell scenario but can also be extended to Rel-19 NES-capable UE’s SCell scenario.
Proposal 2: Rel-19 NES-capable UE in idle/inactive mode supports adaptation mechanism of SSB in time-domain.
Proposal 3: The SSB time domain adaptation mechanism for the SCell scenario and the on-demand SSB Scell operation are discussed together.
Proposal 4: New SSB pattern is not supported.
Proposal 5: Support SSB time domain period adaptation without affecting legacy users.
Proposal 6: Support activation of two SSB configurations, respectively for legacy users and NES-capable users.
Proposal 7: Support group common DCI to indicate the adaptation of SSB in time-domain.
Proposal 8: Configure additional resources for NES-capable users without changing the resource configuration of legacy users.
Proposal 9: Supports overlapping configuration of additional PRACH resources and legacy PRACH resources and ensures that there is no ambiguity in the correspondence between SSB and PRACH resources.
Proposal 10：Configure additional PRACH resources by adapting the periodicity of PRACH resources.
Proposal 11: The mapping of SSB-RO distinguishes between the cases where the association period is equal to the legacy PRACH period and the case where it is greater than the legacy PRACH period and needs to be discussed separately.
Proposal 12: Support group common DCI to dynamically adjust PRACH resources.
Proposal 13: Deprioritize the study of adaptation of PRACH in spatial domain.
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
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