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Introduction
In RAN1#110 meeting, the following recommendation regarding network energy saving techniques was made:
For future meetings:
· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.
· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.
In this contribution, we provide our view and analysis on the network energy saving techniques according to the above recommendation, companion text proposals are also provided corresponding to the discussed candidate network energy saving techniques. 
Discussion
Time domain energy saving techniques
This section mainly discusses time domain energy saving techniques.
· Technique #A-1: Adaptation of common signals and channels
This technique intends to reduce the periodic common transmissions, such as system information SIB1. Since the SIB1 is already transmitted no matter it is really needed by the idle UE or not, this will inevitably cause power consumption waste. Thus, to reduce the transmission of SIB1 can lead to a reduced network energy consumption. On the other hand, although it can have a direct energy saving gain but the potential side impact is how to ensure the system information can be provided to the idle UE who intended to connect to the network and the how to control the access latency. One example is that if the network decides to increase the system periodicity (already supported by the legacy system), the access latency may be increased. Thus, in order to maintain a desired access latency, the system information may be provided in another carrier so that the access latency can be under control. 
Figure 1 gives an example on illustration of common channel/signal offload procedure. Assume gNB decides to configure Cell1 in sleeping mode, then after that the gNB may only transmit SSB on Cell1 and transmit SIB1 or other system information, as well as the potential paging/broadcast/multicast channels associated with Cell1 on Cell2. For idle UEs accessing Cell1, they can be indicated to receive the system information for Cell1 on Cell2. And then Cell1 can stay in sleeping mode without introducing a large impact on system performance. 
[image: ]
Fig. 1: Illustration of common channel/signal offload procedure
Based on the above discussion, we propose the following text proposal for TR 38.864.
Proposal 1: Consider the following text proposal for TR 38.864.
Support of association between SSB for a sleeping cell and CORESET#0 for an active cell can be considered, such that SIB1 can be provided in the active cell for the sleeping cell to achieve a tradeoff between access latency and energy saving gain.
· Technique #A-2: Dynamic adaptation of UE specific signals and channels
Similar to periodic common transmissions, the periodic UE specific transmissions also belong to the static part. Take CG-PUSCH resources as example, once configured/activated, gNB should always blindly detect whether UE performs UL transmission, then unnecessary network power is consumed, as shown in Figure 2. But if the CG-PUSCH resources are not configured/activated, then UE may experience a large UL transmission delay due to the SR/BSR procedure for UL resource application.
[image: ]
Fig. 2: Unnecessary power consumption due to blind detection for periodic UL transmission
[bookmark: _Hlk102145612]One potential solution is that UE may provide some assistance information, e.g., UE may report information whether the configured UL transmission can be skipped for gNB reception. Figure 3 gives an example on illustration of UE reporting assistance information. The UE can be configured with multiple reporting resources, each reporting resource is associated with multiple CG-PUSCH resources. Since UE may have additional information on the arrival of UL data, it can report deactivating information on one reporting resource, to indicate that it does not plan to perform UL transmission on those CG-PUSCH resources associated with the reporting resource, accordingly the gNB does not need to receive on those CG-PUSCH resources.
[image: ]
Fig. 3: Illustration of assistance information report 
Based on the above discussion, we propose the following text proposal for TR 38.864.
Proposal 2: Consider the following text proposal for TR 38.864.
Support of UE reporting activation/deactivation information for UE specific signals and channels is beneficial to reducing the number of time occasions at gNB side during periods of low activity and can be considered.

· Technique #A-3: wake up signal (WUS) for gNB 
Assume there is neither DL transmission nor UL reception for a sleeping mode at gNB side, after gNB enters into a sleeping mode for one cell, there would be no response from the gNB to the transmission request from the connected mode UE whose UL data arrives, hence the UE performance, e.g., UPT and latency would be degraded. To avoid such kind of performance degradation, a candidate solution would be introducing WUS for gNB (or called gNB-WUS), so that a sleeping gNB can be woken up by the gNB-WUS from UE. 
Figure 4 gives an illustration of UE procedure assuming both gNB-WUS and UE-WUS are configured. The gNB should be responsible for gNB-WUS monitoring after gNB-WUS resources are configured. As shown in Figure 4, within gNB sleeping duration, UE can transmit a gNB-WUS on the pre-configured gNB-WUS resource when it has a scheduling request, after that, the UE should start to monitor the UE-WUS to see if there is any response from the gNB. On the other hand, a sleeping gNB should be able to monitoring gNB-WUS on the gNB-WUS resources, and once the gNB-WUS is detected, the gNB should transmit UE-WUS on the UE-WUS resources in response to the UE and switch to active mode to prepare the incoming transmissions.
[image: ]
Fig. 4: UE procedure with gNB-WUS and UE-WUS configuration
Based on the above discussion, we propose the following text proposal for TR 38.864.
Proposal 3: Consider the following text proposal for TR 38.864.
Support of wake up signal (WUS) for gNB configuration for a UE in connected mode is recommended for a gNB operating in a sleeping mode, where the connected mode UE can transmit a scheduling request via this WUS to gNB to reduce the scheduling latency and UPT degradation. 

· Technique #A-4: Adaptation of DTX/DRX
Currently, DRX cycle for UE is configured by RRC signaling to control UE behavior on PDCCH monitoring in order to obtain UE power saving gain. Similar to DRX cycle configured for UE, DTX/DRX cycle can be configured for gNB, so that the gNB can save energy consumption by not performing DL transmission or UL reception during DTX/DRX off period.  
If DTX/DRX cycle for gNB is introduced, there would be one issue on how to define UE behavior during DTX/DRX off period. In legacy DRX cycle operation, the UE may always assume the gNB is working in an active mode, e.g., the UE may receive SSB or CSI-RS during DRX off period to track time and frequency synchronization with the gNB. However, in a DTX/DRX cycle for gNB, this assumption seems not reasonable as the gNB would like to turn off the DL transmissions as much as possible during off period to save energy consumption. Therefore, the UE shall not assume SSB or CSI-RS is transmitted during off period in a DTX/DRX cycle for gNB. 
In addition, gNB-WUS or UE-WUS can be associated with a DTX/DRX cycle for gNB, to help periodically wake up the gNB or the UE. Figure 4 gives an example on association between group common UE-WUS and gNB DTX/DRX cycle. The gNB can indicate all the UEs in the cell via group common UE-WUS that they are required to monitor PDCCH or not in the associated on duration of the DTX/DRX cycle for gNB. 
[image: ]
Fig. 4: DTX/DRX cycle configuration for gNB 
Based on the above discussion, we propose the following text proposal for TR 38.864.
Proposal 4: Consider the following text proposal for TR 38.864.
Support of DTX/DRX cycle for gNB is recommended to achieve energy saving gain, where the UE shall not assume SSB or CSI-RS is transmitted during an off period in a DTX/DRX cycle for gNB. Support of association between gNB-WUS or UE-WUS and DTX/DRX cycle for gNB is beneficial to wake up the gNB or the UE and can be considered.

Frequency domain energy saving techniques
This section mainly discusses frequency domain energy saving techniques.
· Technique #B-1: Multi-carrier energy savings enhancements
The technique is to leave the network to switch on or off the cell, the granularity can be cell-level, which refers to switching off the cell completely, or smaller granularity can be considered, such as subframe or slot. The smaller granularity can be used to realize more advanced sleeping mode, for example light sleep or deep sleep. Within the DRX on duration period, the network normally cannot go into a light sleep or deep sleep mode as the network should be already ready for scheduling based on the arrived data request. For this reason, the only realistic power sleeping mode at the legacy system is the micro sleep. But if light sleep or deep sleep mode can be applied, more power saving gain can be obtained. 
A more straightforward way is that the network may want to switch off the cell completely to save the energy, for example, during a period of time within a day when the active UE is in the cell is quite low and the network may prefer to completely switch off this cell. In this case, as shown in Figure 6, the network can trigger a PCell role switching request to the connected UE to let them to either perform a handover or directly change the SCell to the PCell, so that after the PCell is off, the connection is not lost. 
[image: ]
Fig. 6:  Illustration of UE PCell change procedure
Based on the above discussion, we propose the following text proposal for TR 38.864.
Proposal 5: Consider the following text proposal for TR 38.864.
Support of cell-group based PCell switching for UEs in a going-to-sleep cell can be considered as it is efficient and beneficial to achieve energy saving gain. 

Spatial domain energy saving techniques
This section mainly discusses spatial domain energy saving techniques.
· Technique #C-1: Dynamic adaptation of spatial elements 
The spatial domain energy saving technique is another dimension that has been extensively discussed. The main idea is to allow the network to adapt the antenna port number or transceiver chain (TRXU) so that the hardware consumed power can be reduced. In order to analyze the power saving gain, we have implemented the power consumption comparison for 64 antenna port versus 8 antenna port. In our simulation, we assumed one TRXU chain is mapped with one antenna port, thus when we reduce the antenna port number from 64 to 8, we equally reduced the TRXU chains by a factor of 8, including the antenna element number is also reduced by a factor of 8. Our simulation results are shown in Figure 7, and we can see from the results that when adapt the antenna port number the power consumption can be reduced. Thus, we suggest that RAN1 should consider this enhancement technique. 
[image: https://mtp.myoas.com/docrest/file/downloadfile/3423e1f0d842af64cdb713c8?big]
Fig. 7: TXRU chain adaptation, power consumption comparison
Based on the above discussion, we propose the following text proposal for TR 38.864.
Proposal 6: Consider the following text proposal for TR 38.864.
Support of reducing the number of active transceiver chains or antenna elements is beneficial to achieve energy saving gain and can be considered. 

Conclusion
This contribution discusses some potential techniques to improve network energy savings. The following proposals with companion text proposals are provided.
Proposal 1: Consider the following text proposal for TR 38.864.
Support of association between SSB for a sleeping cell and CORESET#0 for an active cell can be considered, such that SIB1 can be provided in the active cell for the sleeping cell to achieve a tradeoff between access latency and energy saving gain.
Proposal 2: Consider the following text proposal for TR 38.864.
Support of UE reporting activation/deactivation information for UE specific signals and channels is beneficial to reducing the number of time occasions at gNB side during periods of low activity and can be considered.
Proposal 3: Consider the following text proposal for TR 38.864.
Support of wake up signal (WUS) for gNB configuration for a UE in connected mode is recommended for a gNB operating in a sleeping mode, where the connected mode UE can transmit a scheduling request via this WUS to gNB to reduce the scheduling latency and UPT degradation. 
Proposal 4: Consider the following text proposal for TR 38.864.
Support of DTX/DRX cycle for gNB is recommended to achieve energy saving gain, where the UE shall not assume SSB or CSI-RS is transmitted during an off period in a DTX/DRX cycle for gNB. Support of association between gNB-WUS or UE-WUS and DTX/DRX cycle for gNB is beneficial to wake up the gNB or the UE and can be considered.
Proposal 5: Consider the following text proposal for TR 38.864.
Support of cell-group based PCell switching for UEs in a going-to-sleep cell can be considered as it is efficient and beneficial to achieve energy saving gain. 
Proposal 6: Consider the following text proposal for TR 38.864.
[bookmark: _GoBack]Support of reducing the number of active transceiver chains or antenna elements is beneficial to achieve energy saving gain and can be considered. 
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