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1 Introduction
The issue of dynamic PTM/PTP switching was discussed in RAN2-113bis-e and it was agreed [1]:
· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity. 
· Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, the usage of the PTP leg cannot be deactivated (i.e., the UE needs to always monitor C-RNTI) after the necessary split-MRB configuration.
· Assuming a split-MRB (as agreed during the online session) configured with a PTM leg and PTP leg, it is FFS whether the usage of the PTM leg of the split-MRB may be subject to activation or deactivation and the details of such.
In RAN2-115e [2], it was further agreed:

· Will not support PTM deactivation/activation beyond RRC reconfiguration acc to first agreement above (and whatever R1 decides). 

In this document, we give further input regarding the issue of deactivation and activation of the PTM operation.

2 Discussion
If the UE can be configured with a split bearer MRB, one associated with PTP operations (with RLC AM) and another one associated with PTM (with RLC UM), then the UE could operate in three different modes:

a)  PTM mode

b)  PTP mode

c)  Both PTP and PTM

If the radio conditions towards the UE are good, option a) provides the most efficient option, both from network resources and UE battery consumption point of view.

If the radio conditions are bad, option b) or c) can be used. 

Regarding c), there are several sub options:

i. PTP is used for (RLC level) re-transmissions only (i.e., when PTM fails, after any possible L1 retransmissions)

ii. PTP is used for first time transmissions as well as re-transmissions

Regarding how the UE is configured to operate in one of the three modes, the simplest option is for the UE to continuously monitor both the C-RNTI and the G-RNTI for the RLC legs associated with PTP and PTM, respectively, and leave the operation mode to be implicitly controlled by the network (i.e., network can schedule the UE on the C-RNTI, G-RNTI, or both). 

However, continuous monitoring of both the C-RNTI and the G-RNTI will lead to higher UE power consumption, especially if the UE’s radio conditions are bad and most of the MRB data is being sent to the UE via the PTP leg. For example, on detecting reliability issues with PTM operations (e.g., based on L1 ACK/NACKs), the network may first start performing only re-transmissions on the PTP leg. If this happens frequently enough (e.g., every packet is being retransmitted via PTP), from that UE’s perspective, all the UE’s G-RNTI monitoring has been in vain. Thus, the network could deactivate the G-RNTI monitoring. If the network later finds out that the radio conditions are good enough, it can re-activate the monitoring of the G-RNTI. 

The figure below gives an example timeline illustration of the above. In the figure, in the red zones (the timelines in red), the UE is monitoring both the G-RNTI and the C-RNTI, while in the green zone (the timeline in green), the UE is monitoring only the C-RNTI. 
It is possible that different UEs within a multicast group may be receiving unicast services with different QoS requirements. This makes it difficult to align DRX cycles of those UEs w.r.t to PTM operation. As a result, the power consumption due to GRNTI monitoring may be non-trivial, particularly if the UE must wake up to just monitor GRNTI due to misalignment of unicast DRX and multicast DRX.
Observation 1:
Continuous monitoring of the G-RNTI would lead to unnecessary UE power utilization if the radio conditions are not good enough for reliable PTM operation. 
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Proposal 1:
The UE could be configured by the network to stop PTM mode operation (i.e., stop monitoring the PDCCH for the G-RNTI).
Proposal 2:
The UE could be configured by the network to (re)start PTM mode operation (i.e. (re)start monitoring the PDCCH for the G-RNTI). 
In the above, it has been assumed that the network determines by itself when to activate/deactivate the PTM operation, by just considering the radio conditions towards the UE. However, as can be seen in the figure, what is optimal for the UE may not be optimal for the network, and vice versa. This can be seen in the figure above, where the colouring of the boxes indicates resource utilization of the network (green: optimal, orange: sub-optimal, red: least optimal).

Also, in some cases, it may be advantageous to have an input from the UE regarding the preferred mode of operation. For example, the UE may not have power issues (e.g., currently plugged in to power supply, a fixed wireless access device, etc), and as such, it may be desirable to keep the G-RNTI monitoring even when the network conditions for that UE are not that good, as radio resources are anyways being used for the PTM transmission of data for the other users. On the other hand, it may be desirable to deactivate the G-RNTI even though the radio conditions towards the UE are excellent, as the UE may have very little battery left and reception via PTP only is more power efficient (as RAN2 has agreed already that the monitoring of the PDCCH for the C-RNTI can not be deactivated). 

Observation 2:
It may be desirable to keep the G-RNTI monitoring activated even on bad radio conditions if the UE has sufficient power.

Observation 3:
It may be desirable to keep the G-RNTI monitoring deactivated even on good radio conditions, if the UE has insufficient power.

Thus, we propose:

Proposal 3:
The UE could indicate to the network whether it prefers the PTM operation (i.e., G-RNTI monitoring) activated or deactivated. Exact signalling is FFS.
The signalling to activate/deactivate the G-RNTI monitoring (whether determined by the network and/or based on UE request) could be done via RRC, MAC CE or a DCI. RRC signalling may cause some latency, which could be an issue in the case of activation, as the network may have to keep scheduling the UE via PTP until the RRC reconfiguration complete message is received (i.e., network resources wasted for PTP transmission even though PTM was sufficient during this duration). 

Observation 4:
The latency for RRC signalling to re-activate G-RNTI monitoring could lead to unnecessary network resource utilization for transmitting data over PTP, which could have been reliably received via PTM.

Thus, MAC CE or a DCI based approach is preferred.

Proposal 4:
RAN2 to choose either a MAC CE or a DCI for the signalling for the activation/de-activation of G-RNTI monitoring. 

3 Conclusion
In this contribution, the following observations were made regarding activation and deactivation of PTM operation: 

Observation 1:
Continuous monitoring of the G-RNTI would lead to unnecessary UE power utilization if the radio conditions are not good enough for reliable PTM operation. 

Observation 2:
It may be desirable to keep the G-RNTI monitoring activated even on bad radio conditions if the UE has sufficient power.

Observation 3:
It may be desirable to keep the G-RNTI monitoring deactivated even on good radio conditions, if the UE has insufficient power.

Observation 4:
The latency for RRC signalling to re-activate G-RNTI monitoring could lead to unnecessary network resource utilization for transmitting data over PTP which could have been reliably received via PTM.

Based on these observations, the following proposals are made:

Proposal 1:
The UE could be configured by the network to stop PTM mode operation (i.e., stop monitoring the PDCCH for the G-RNTI).

Proposal 2:
The UE could be configured by the network to (re)start PTM mode operation (i.e. (re)start monitoring the PDCCH for the G-RNTI). 

Proposal 3:
The UE could indicate to the network whether it prefers the PTM operation (i.e., G-RNTI monitoring) activated or deactivated. Exact signalling is FFS.
Proposal 4:
RAN2 to choose either a MAC CE or a DCI for the signalling for the activation/de-activation of G-RNTI monitoring. 
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UE configured with a split bearer  MRB
MBS session starts, UE monitors both C-RNTI and G-RNTI
Good radio conditions, MRB data received via PTM only
Network detects PTM is not reliable enough
First transmissions via PTM, retransmissions via PTP
Network detects most data retransmitted via PTP
Network instruct UE to stop monitoring G-RNTI
All transmissions/re-transmissions via PTP
Network detects radio conditions are suitable again for PTM transmission
Network instruct UE to start monitoring G-RNTI
First transmissions via PTM, retransmissions via PTP
Network detects PTM is reliable enough
MRB data received via PTM only



