3GPP TSG-RAN WG2 Meeting #109 electronic                      R2-2001330
24th Feb – 6th Mar, 2020
Agenda Item:
6.11.3
Source: 
Huawei, HiSilicon
Title: 
Remaining issues on UE assistance information for power saving
Document for:
Discussion and decision
1 Introduction
In RAN2#108 meeting, the following agreements are reached which are relevant to UE assistance information [1].
	Agreements:

1 For cDRX assistance information, the UE can signal any value within the current value range
2 The UE assistance information for cDRX, state transition, SCell, and aggregated BW, and max MIMO layer can be independently configured (i.e. including prohibit timers).  

3 The UE can provide assistance information when configured to report UE assistance
4 Explicit signalling for ‘no preference’ is not supported for any of the power saving parameters (cDRX, number of SCells, aggregated BW or number of MIMO layers)

5 The UE can report the following:

a. UE can report release only (i.e. no state preference)

b. Indicate explicit state preference   

c. The UE wants to remain in connected mode 

6 FFS SCell and Aggregated BW can refer to any value within the UE capability for the purpose of power saving  [rapporteur will include it in email discussion]


In this contribution we discuss remaining issues on UE assistance information for power saving.
2 Discussion
2.1 UE assistance information for preferred CC grouping
It has been agreed in RAN1#98bis that the L1 based SCell dormancy indication can be sent on the PCell in PDCCH-WUS. A bitmap in the WUS DCI in which 1 bit per group of configured SCell(s) is used for the indication. The per group indication is due to the fact that the RF chains used for serving different set of component carriers (CC) may be different. The number of RF chains that are switched on greatly impacts UE power consumption. From UE perspective, the RF chain(s) and the related modules can be switched off to save power if all the carriers related to the RF chain are indicated to be in dormancy behavior. For the network, it would be good to configure the carriers sharing the same RF chain for a UE as the same Scell group which can be indicated to adapt the dormancy behavior by 1 bit indication in the dormancy bitmap. SCell dormancy indication per SCell group give a proper tradeoff between the power saving gain on UE and the bit overhead occupied in DCI format 2_6. 
In Figure 1, for example, {Scell1, Scell2} and {Scell3, Scell4} are configured as two Scell groups by network for indication of dormancy behaviour. However, UE may use different RF chains to cover different sets of Scells. The power consumption shall be only saved slightly if the corresponding RF chain is still kept on. For example in Figure 1, the UE shall use the RF chain 2 to cover the Scell 2, 3 and 4, however, the network configures Scell 2 in a different Scell groups compared with the group of Scell 3 and Scell 4. In this case, even when the cell group of Scell 3 and Scell 4 is indicated to be in dormant BWP, the UE cannot switch off the RF chains due to PDCCH monitoring is still needed on Scell 2. According to the agreed power model in TR 38.840, if only the PDCCH blind decoding in baseband is skipped, just up to 30% power saving is obtained. However, if the RF chain can be also switched off, the light sleep can be used to save about 90% power consumptions.

Observation 1: Improper configuration of SCell groups for dormancy adaptation may exhaust the benefit and power saving gain of dormancy indication significantly.
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Figure 1 Example of CC grouping for power saving based on UE implementation

However, the hardware parts used for serving different sets of component carrier(s) mainly depend on UE implementation. Thus, UE can report assistance information about the CC grouping to help the network to make an appropriate SCell group configuration. 

Observation 2: UE reporting of recommended CC grouping information for SCell dormancy indication is important to facilitate the network to explore the benefit of dormancy indication.
The procedure of reporting CC grouping information can be as follows: 1) First, UE is configured with multiple component carriers by the network as legacy configuration; 2) Second, UE reports the assistance information about the suggested grouping of configured SCells to the network; 3) Third, the network can configure the Scell groups based on the reported UE assistance information when adaptation of dormancy behaviour is configured for the UE. Then, based on the traffic and SCell group configuration, the network can activate/deactivate SCells and indicate the SCell dormancy behaviour per group for the activated SCells through the SCell bitmap. Note that UE only needs to report the CC grouping assistance after UE is configured multiple carriers or after reconfiguration of Scells. 

In addition to the grouping assistance for the SCells, the UE can also report the information of the SCell(s) that share the same hardware parts with the PCell. Since UE always needs to monitor PDCCH at least the WUS PDCCH on the PCell, when only a small number of SCell(s) are needed to be activated, it would be better for UE power saving to activate the SCell(s) that are in the same group with the PCell and put other SCell groups into deactivated state or dormancy behaviour. 

For example, in Figure 2, three CC groups are reported by a UE: the SCell group #1 contains only SCell CC2, the SCell group #2 contains SCells CC3 and CC4, and CC group #0 contains the PCell CC1 and SCell CC2 (i.e., SCell group #1).  According to the power model [2], the power consumption of 2CC is 1.7 times of the power consumption of 1CC, and the power consumption of 4CC in the worst case of CA is 3.4 times of the power consumption of 1CC in downlink. For the worst case, the UE implementation regarding RF part can be shown in Figure 2, in which the RF is separated between CC1/CC2 and CC3/CC4. Based on such implementation, if CC1+CC3 are activated together, more power is consumed than the case when CC1+CC2 are activated.
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Figure 2 Indicating PDCCH monitoring per recommended CC-group in wake-up signals
Proposal 1: Preferred CC grouping information for adaptation of dormancy behaviour is supported to be reported as UE capability/assistance information.
2.2 UE preference on the MR-DC configuration
In the practical deployment, MR-DC (e.g., (NG)EN-DC, NR-DC) may be configured by the network based on the type of APPs used by the UE rather than the traffic volume. Consequently, it is possible that the UE has to keep NR SCG even when the data amount is actually quite small. Besides, when the UE has requirements on power saving, it may prefer to work in standalone mode without MR-DC configuration. However, the current mechanism does not allow the UE to report its preference on the MR-DC configuration or request for SCG release, which can have negative impacts on UE's power consumption.
Therefore, we propose to study possible schemes where the UE can provide information on whether the MR-DC configuration is favourable. Considering that some types of UE assistance information have already been agreed for power saving purpose, we think the UE assistance information can also be a feasible solution for the issue on MR-DC. Specifically, the UE can report its preference on whether NR SCG is desired or request for NR SCG release simply through e.g. reusing the existing field with specific value, or adding 1-bit indication in UE assistance information, such that the network can have more knowledges about the situation in the UE.
Proposal 2: Allow UE to report its preference on the MR-DC configuration (i.e. the NR SCG) or request for NR SCG release through UE assistance information.
3 Conclusion

In this paper we discuss remaining issues on UE assistance information for power saving, and have the following observations and proposals:
Observation 1: Improper configuration of SCell groups for dormancy adaptation may exhaust the benefit and power saving gain of dormancy indication significantly.

Proposal 2: Allow UE to report its preference on the MR-DC configuration (i.e. the NR SCG) or request for NR SCG release through UE assistance information.
Proposal 1: Preferred CC grouping information for adaptation of dormancy behaviour is supported to be reported as UE capability/assistance information.
Proposal 2: Allow UE to report its preference on the MR-DC configuration (i.e. the NR SCG) or request for NR SCG release through UE assistance information.
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