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1 Introduction
RAN approved a new study item on network energy saving (NES) [1]. The SI aims to improve the operation of the cellular eco-system to enable more efficient adaptation of network transmissions and receptions resources in the time, frequency, spatial, and power domains, aided by UE feedback and assistance. 
In RAN2#119-bis-e, RAN2 discussed NW DTX/DRX and some agreements were made, summarized in Annex A. Further, a baseline TP was agreed for DTX/DRX in [2]. During the post meeting email discussion [3], the following open issues were identified: 
· Whether L1/L2 signalling can be used to configure the DTX/DRX pattern, or only used to activate the RRC-configured DTX/DRX pattern.

· Whether L1/L2 signalling for DTX/DRX activation is UE specific or can also be group common

· Whether multiple sets of DTX/DRX configurations/modes are allowed to be configured by RRC, and what are the benefits compared with only one configuration at a time?

· DRX/DRX alignment
· Joint or separate configuration of DTX and DRX mode/operation

· DTX definition assumptions and related UE behaviour
· Whether there are valid scenarios to keep CA in Cell DTX/DRX

· UE assistance information related to DTX-DRX
This contribution discussed the above remaining open issues on NW DTX/DRX.
2 Discussion on open issues
2.1 Whether L1/L2 signalling is used to configure or to activate DTX/DRX

In R2#119bis-e, it was agreed that “Periodic DTX is assumed as a baseline. The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signalling.” It was discussed in [2] whether L1/L2 signalling can be used to configure the DTX/DRX pattern, or only used to activate the RRC-configured DTX/DRX pattern. The following options were identified:

· Alt-1: Allow both periodic pattern (configured by RRC) and one-shot pattern (configured by L1/L2 signalling)

· Alt-2: Allow periodic pattern, configured by RRC and activated by L1/L2 signalling

it is not common to have a configuration provided by L1/L2 signalling. Our understanding of the agreement is more aligned with Alt-2. It is simpler to have DTX/DRX configurations configured by RRC and L1/L2 signalling can be used to indicate a DTX/DRX mode to apply.

Proposal 1:
DTX/DRX modes are configured by RRC, and L1/L2 signalling can be used to indicate which DTX/DRX mode to apply.

2.2 Whether DTX/DRX L1/L2 signalling is UE specific or also group common

In R2#119bis-e, it was agreed that “The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signalling. Dynamic L1/L2 group signalling from NW to provide NW DTX mode/configuration is also considered in RAN2”, but the baseline TP [3] suggests that group common signalling is for further study. 

In our understanding of the agreement, both dedicated and group signalling are considered by RAN2. For the purpose of the study item, both dedicated and UE group-common indication are to be considered for the dynamic L1/L2 signalling of a DRX/DRX mode to use, at least till further information is received from RAN1.
Proposal 2:
Both dedicated and UE group-common indication are to be considered for the dynamic L1/L2 signalling of a DRX/DRX mode to use.

2.3 Multiple sets of DTX/DRX configurations/modes 
One FFS is whether multiple sets of DTX/DRX mode configurations are allowed to be configured by RRC. At least two cell DTX/DRX mode configurations need to be configured as a starting point, where one is for normal operation and another is for NES mode operation. If different DTX sleep durations are supported, more than two can be considered.

Proposal 3:
As a baseline, at least two cell DTX/DRX mode configurations can be configured by RRC (e.g. for normal and NES state operation). Whether more than two are needed can be decided in the normative phase.
2.4 DRX/DRX alignment
DRX/DRX alignment was discussed [2]; the following issues were identified:

1. Whether/how to align UE DRX with network DTX

2. Whether/how to align DRX alignment among multiple UEs

For the first issue, alignment of UE DRX and cell DTX can be handled by proper network configuration and indication of the DRX/DTX mode. Further details can be discussed in normative phase if needed.

Proposal 4:
Alignment of UE DRX and cell DTX can be handled by proper network configuration and indication of the DRX/DTX mode

For the second part, how to align DRX configuration for multiple UEs can be handled by network implementation.
Proposal 5:
How to align DRX mode/configurations for multiple UEs during DTX can be handled by network implementation.
2.5 Joint or separate configuration of DTX and DRX operation

One open issue is whether DRX should operate jointly with cell DTX, and thus whether configurations are grouped. While alignment of DTX and DRX is desired from a single UE perspective, it is not necessary that all DRX cycles of all UEs are aligned with the cell DTX cycle. Different UEs can still be aligned with DTX active occasions, while having different DRX configurations active. The configuration of the DRX cycle can be left for the network, considering different UEs requirements, and the network can ensure that DRX on durations align with the DTX active occasions. However, to ensure that the UE adjusts its DRX cycle upon reception of the L1/L2 cell DTX indication, a DRX configuration can be associated with a cell DTX configuration.
Proposal 6:
Cell DTX and DRX mode/configurations can be configured separately. A cell DTX mode configuration is associated with a DRX mode/configuration.
2.6 DTX definition assumptions and related UE behaviour
The discussion in [2] has identified the following issues for DTX definition assumptions:

· Which signals/channels can transmitted/received by the gNB side during DTX

· UE behaviour during DTX: which signals/channels can be received

· Whether legacy UEs can access cells with DTX mode
NES-capable UE behaviour during DTX

The baseline TP has some examples of the options for DTX assumptions. Per RAN1 has agreed descriptions [4], the gNB can reduce/omit time occasions for common signals and UE specific signals and resources during periods of low activity. Such periods of low activity can correspond to the inactive DTX. Related resources can include UE specific and group common data and control resources, measurement resources. Per RAN agreements, related RAN2 impact indicated by R1 include UE measurement procedure based on periodic CSI-RS, and configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels
Proposal 7:
For a DTX/DRX mode/configuration, a NES-capable UE is expected to be configured with applicable occasions of common and UE-specific signals/channels that can be transmitted/received during DTX. 
With regards to how to handle UE data arrival during DRX, including triggered BSR and SR. Per the agreed RAN1 description [4], the UE can send an uplink cell wake-up signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The UE WUS may be used to trigger the SSB/SIB transmission. The related RAN2 impact indicated by R1 include signalling details of wake-up configuration, and conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviour.

Proposal 8:
An NES-capable UE may transmit a wake-up request signal during DTX if triggered. Triggers for transmitting a wake-up request signal during DTX and related configuration can be discussed during the normative phase.
Legacy UE behaviour during DTX

As to whether legacy UEs can access cells with DTX mode, this depends on whether SSBs and other common signals are transmitted at the regular cycle during DTX mode or not. If they are, the network can allow legacy UEs to access the cell. Such can be left for network implementation.

Proposal 9:
Whether legacy UEs can access cells with DTX mode can be left for network configuration. 
2.7 Configuring DTX/DRX along with CA
One issue discussed in [2] is whether there are valid scenarios to keep CA in Cell DTX/DRX. In general, cell specific configurations are per serving cell with or without CA, and can be configured/applicable when CA is configured.
Proposal 10:
Cell DTX/DRX configurations can be configured per serving cell with or without CA and can be applicable when CA is configured.
2.8 UE assistance information related to DTX-DRX
UE assistance information can be beneficial in aiding the network to make decisions related to adapting resources in the time domain or changing DTX modes. In connected mode, if the serving cell is in a DTX mode and the UE has high priority data to transmit, it can be beneficial for the UE to indicate such data arrival. RAN1 has already agreed that some info can be useful for such resource adaptation. 
Proposal 11: 
Support transmission of UE assistance information for NES. RAN2 to consider the following assistance information for DTX-DRX:

· indication of semi-static UL channel transmissions,

· indication of UE’s buffer status for UL channel transmissions, 

· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s)

2.9 Text Proposal

The above proposals are captured on top of the agreed baseline TP for DTX/DRX in Annex B.

Proposal 12:
Adopt the TP in Annex B for DTX/DRX into TR 38.864.
3 Conclusion
In this contribution, network energy saving techniques for cell DTX/DRX are discussed. The following observations and proposals are provided:

Proposal 1:
DTX/DRX modes are configured by RRC, and L1/L2 signalling can be used to indicate which DTX/DRX mode to apply.

Proposal 2:
Both dedicated and UE group-common indication are to be considered for the dynamic L1/L2 signalling of a DRX/DRX mode to use.

Proposal 3:
As a baseline, at least two cell DTX/DRX mode configurations can be configured by RRC (e.g. for normal and NES state operation). Whether more than two are needed can be decided in the normative phase.
Proposal 4:
Alignment of UE DRX and cell DTX can be handled by proper network configuration and indication of the DRX/DTX mode

Proposal 5:
How to align DRX mode/configurations for multiple UEs during DTX can be handled by network implementation.
Proposal 6:
Cell DTX and DRX mode/configurations can be configured separately. A cell DTX mode configuration is associated with a DRX mode/configuration.
Proposal 7:
For a DTX/DRX mode/configuration, a NES-capable UE is expected to be configured with applicable occasions of common and UE-specific signals/channels that can be transmitted/received during DTX. 
Proposal 8:
An NES-capable UE may transmit a wake-up request signal during DTX if triggered. Triggers for transmitting a wake-up request signal during DTX and related configuration can be discussed during the normative phase.
Proposal 9:
Whether legacy UEs can access cells with DTX mode can be left for network configuration. 
Proposal 10:
Cell DTX/DRX configurations can be configured per serving cell with or without CA and can be applicable when CA is configured.
Proposal 11: 
Support transmission of UE assistance information for NES. RAN2 to consider the following assistance information for DTX-DRX:

· indication of semi-static UL channel transmissions,

· indication of UE’s buffer status for UL channel transmissions, 

· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s)

Proposal 12:
Adopt the TP in Annex B for DTX/DRX into TR 38.864.
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Annex A: R2#119bis-e Agreements on DTX/DRX

=>
Let’s start with understanding solution in the context of connected 

•
Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX / DRX OFF duration.

•
Example 2: gNB is expected to turn off its transmission / reception only for data traffic during Cell DTX / DRX OFF duration (i.e. gNB will still transmit / receive reference signals).

•
Example 3: gNB is expected to turn off its dynamic transmission / reception during Cell DTX / DRX OFF duration (i.e. gNB is expected to still perform periodic transmission / reception, including SPS, CG-PUSCH, SR, RACH, and SRS).

•
Example 4: gNB is expected to only transmit reference signals (e.g. CSI-RS for measurement).

=>
RAN2 assumes that the options above are possible for gNB DTX/DRX behavior and discuss UE RAN2 behavior/impact during the DTX/DRX. 

=>
For the purpose of our discussion we will focus on a single UE behavior at any point in time.  FFS if we allow multiple configuration of NW DRX/DTX behaviors.

=>
Periodic DTX is assumed as a baseline.  The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signaling. 

=>
Dynamic L1/L2 group signalling from NW to provide NW DTX mode/configuration is also considered in RAN2

=>
It is beneficial to align UE DRX with network DTX and DRX alignment among multiple UEs.  Details are FFS, including UE transmission/reception behavior during DTX.  RAN2 to study the alignment.   
Annex B: DTX/DRX TP agreed baseline
6
Techniques to improve network energy savings

6.1
Techniques in time domain

6.1.1
Cell DTX/DRX

6.1.1.x
Higher layer procedures
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via RRC signalling. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:

· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.

· Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)

· Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).

· Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).

The study will focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. For a DTX/DRX mode/configuration, a NES-capable UE is expected to be configured with applicable occasions of common and UE-specific signals/channels that can be transmitted/received during DTX. If triggered, an NES-capable UE may transmit a wake-up request signal during DTX; triggers and related configuration can be discussed during the normative phase. Whether legacy UEs can access a cell with DTX mode used can be left for network configuration.
Editor's note: FFS if multiple sets of Cell DRX/DTX configuration are allowed.

TheA Cell DTX mode/configuration can be configured by RRC and the Cell DTX mode can also be indicated to the UE via dynamic L1/L2 signalling. The dynamic L1/L2 signalling at least supports UE dedicated indication. Whether UE group common signalling is also supported will be further studied. Both dedicated and UE group-common indication are to be considered for the dynamic L1/L2 signalling of the DTX mode. 

As a baseline, at least two cell DTX/DRX mode configurations can be configured by RRC (e.g., for normal and NES state operation) per serving cell. Cell DTX and DRX mode/configurations can be configured separately. A cell DTX mode configuration is associated with a DRX mode/configuration.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism will be studied. Alignment of UE DRX and cell DTX can be handled by proper network configuration and indication of the DRX/DTX mode
Editor's note: FFS details of alignment, including UE transmission/reception behavior during DTX.

6.1.1.y
Assistance information from UE side

Editor's note: will be updated once more agreements are made.

The following UE assistance information is considered for DTX-DRX adaptation and related adaptation of resources:

· Indication of semi-static UL channel transmissions,

· Indication of UE’s buffer status for UL channel transmissions, 

· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s)

6.1.1.z
Impacts on network interfaces

Editor's note: will be updated once more agreements are made.
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