3GPP TSG RAN WG2 Meeting #85
R2-140607
Prague, Czech Republic, 10-14 February 2014 
Agenda item:

7.8.2
Source:
Samsung
Title:
DRX operation in TDD eIMTA systems
Document for:

Discussion and Decision
1      Introduction
In RAN2#84 meeting there were several contributions in RAN2 pointing at the impact to DRX operation in terms of monitoring of PDCCH subframe and the counting for various DRX timers determining the active time [1]-[5]. DRX is widely used LTE feature for UE power saving. So, it makes sense to configure eIMTA capable UEs with DRX. The alignment between the UE and eNB for DRX operation is determined by the active time which is governed by the various timers such as the onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer. The counting towards these timers is based on the definition of PDCCH-subframe. Based on the discussions during the user plane session the following was agreed [6] for eIMTA operation:
	=>
DRX timer counting follows the TDD UL/DL configuration in SIB1.


The intention of the above agreement is to provide both the eIMTA capable UE and the eNB the same accurate understanding of when the active time is supposed to end based on the PDCCH subframe identified from the TDD configuration indicated in SIB1. However due to lack of time during the user plane session there was limited discussion and there was no consensus on the issue of PDCCH monitoring and the issue when eIMTA is applicable on both PCell and SCell of a UE in a carrier aggregation (CA) scenario.. In this contribution we provide our views on both issues.

2      Discussion 
The issue of misalignment between eNB and UE is resolved according to the agreement in RAN2#84. This means the counting towards the DRX timers is regardless of whether the eIMTA capable UE received/missed the L1 command or when the UE wakes up from DRX and does not know the current TDD DL-UL configuration. Further, the agreement guarantees the UE that during the active time the UE is provided with minimum scheduling opportunity. As a consequence of the agreement the PDCCH monitoring and counting towards DRX timers gets implicitly decoupled. In addition the minimum scheduling opportunity the UE has more opportunity to monitor PDCCH based on the L1 command. This is shown in Figure1 in section 2.2. 
Observation#1: eIMTA capable UE follows PDCCH subframe according to TDD configuration indicated in SIB1 results in decoupling of PDCCH monitoring and counting.
2.1 
eIMTA + CA Scenario

The above RAN2 agreement was made keeping the non-CA case in mind. If a eIMTA capable is configured for carrier aggregation (CA) and dynamic TDD configuration is supported on both the PCell and SCell of the UE then we need to check if the above agreement still holds. In our understanding RAN1 agreed that the L1 command is sent only on the PCell but it indicates the TDD configuration for the PCell as well as SCell. The DCI format will therefore contain multiple indicators to provide TDD configuration for multiple SCells. Further discussions are still ongoing in RAN1 on the number of SCells.
Observation#2: The L1 command will be sent only on the PCell but it will contain multiple indicators to provide TDD configuration for multiple SCells.

So, from RAN2 point of view for DRX timer counting what configuration should be considered by a eIMTA capable UE configured with CA to account towards active time. In Rel-11 for the case where UE is capable of simultaneous reception and transmission in the aggregated cells, we defined the PDCCH-subframe as the union of the serving cell(s) having a DL/Special subframe. The resulting PDCCH-subframe(s) are considered towards DRX timer counting for accounting towards active time. So, there seem two options:

OptionA: UE follows the PDCCH-subframe identified by PCell SIB1 configuration (same as non-CA case)
OptionB: UE considers the union of DL/special subframes indicated by SIB1 configuration of PCell and the DL/special subframe indicated by the TDD configuration signalled in RadioResourceConfigCommonSCell referred by the IE tdd-Config (same as Rel-11 principle).
It is to be noted the TDD configuration signalled in RadioResourceConfigCommonSCell is the SCell SIB1 configuration (CA capable UE does not read SIB1 of SCell). Further for eIMTA operations it is understood that the SIB1 configuration is uplink heavy which allows for dynamic reconfiguration. Keeping this in mind in our opinion both options provides the same minimum scheduling opportunity keeping the alignment of active time between the UE and eNB. We do not have a strong opinion but understanding that eIMTA is quite complex, we have a slight preference for optionA which according to us is simple regardless of CA or non-CA.

Proposal#1: RAN2 to specify counting towards DRX timers in eIMTA is based on PCell SIB1 configuration regardless of CA or non-CA.

2.2 
PDCCH Monitoring Issue in non-CA case 
RAN1 made some concrete agreements on the UL and DL HARQ reference configurations which would be used for HARQ timings [7]: 
	· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

· Downlink HARQ timing follows a higher layer RRC configured TDD configuration
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}


These agreements are helpful in RAN2 to define the options for PDCCH monitoring. Further, based on the RAN1 LS [7], it is quite clear the subframes indicated in SIB1 configuration as special and UL subframe can be dynamically re-configured as DL. Even though it is clear which subframe can be dynamically used for DL, there is still a need to identify options for PDCCH monitoring for the following cases:

1. eIMTA capable UE receives the L1 command.

2. eIMTA capable UE misses the L1 command

3. eIMTA capable UE wakes up from DRX and does not know the current TDD DL-UL configuration.

Case 1: eIMTA capable UE receives the L1 command
It makes sense that UE follows the TDD configuration indicated by L1 command to monitor PDCCH. So, the UE monitors the DL and special subframe indicated by L1 command for PDCCH monitoring but the PDCCH subframe of TDD configuration indicated by SIB1 is used towards DRX timer counting. This is depicted in Figure1. As can be observed from Figure 1 UE monitors the checkered subframes (dynamically configured DL subframe) according to L1 command in addition to the fixed DL subframe. Further, it considers the PDCCH subframe of SIB1 for counting towards onDuration timer.
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Case 2: eIMTA capable UE misses the L1 command

If the UE fails to decode the L1 command due to interference reasons or misses the L1 command due to some other reasons then, the eNB is not aware that UE has missed the L1 command but it is aware that the UE is eIMTA capable so it is quite possible that the eNB continues scheduling the UE according the TDD configuration indicated by the L1 command. For this UE who has missed the L1 command there are two options for PDCCH monitoring:
Option1: UE follows SIB1 configuration for both monitoring and counting

Option2: UE follows DL reference configuration for monitoring and SIB1 configuration for counting.
The UE DRX operation according to option1 and option2 is depicted in Figure 2 when the eIMTA capable UE misses the L1 command. According to the L1 command Frame#1 has TDD configuration 2 and Frame#2 has TDD configuration 1. If the UE DRX operation is governed by option1 then UE misses DL scheduling opportunity for 2 subframes in Frame#1 and one DL subframe scheduling opportunity in Frame#2 in comparison to if it would have correctly received the L1 command.  

On the other hand if the UE DRX operation is governed by option2 then UE does not miss any scheduling opportunity in comparison to if it would have correctly received the L1 command but it monitors an additional subframe (solid shaded subframe) which is not a DL subframe according to L1 command. So, option 2 results in additional power consumption with the advantage of not losing any scheduling opportunity because the DL subframes of DL reference configuration is the super set of the DL subframes indicated by L1 command.
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Figure 2
From a technical point of view both options work and it is matter of trade off of scheduling opportunity versus power consumption.

Case 3: eIMTA capable UE wakes up from DRX and does not know the current TDD DL-UL configuration
In our opinion this case could be treated similar to case2. We would prefer to have same behavior for case2 and case3.

We would like to draw RAN2 attention to RAN1 working assumption made during RAN1#75 meeting in San Francisco regarding PDCCH monitoring [8]:

	Working Assumption:

•       If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 

–    UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration.


From RAN2 point of view DRX is power saving feature so option2 is not favorable for power saving. From RAN1 point of view there are valid reasons to go for the working assumptions [9], so we request RAN2 to align with RAN1 working assumption and adopt option1 for case2 and case3.
Proposal#2: RAN2 is requested to adopt PDCCH monitoring for eIMTA capable UE missing the L1 command or waking up from DRX is based on PDCCH subframe identified from SIB1 configuration. 
2.3 
PDCCH Monitoring Issue in CA case 
According to observation#2 the L1 command indicates the configuration of the PCell as well as SCell. Since minimum scheduling opportunity is provided by optionA as discussed in section 2.1, UE can follow the L1 command for PDCCH monitoring in PCell and SCell respectively if the L1 command is received correctly (same as non-CA case). If the CA UE capable of eIMTA misses the L1 command or wakes up from DRX then the PDCCH subframe can be identified by taking the union of DL/special subframes indicated by PCell SIB1 configuration and the DL/special subframe indicated by the TDD configuration signalled in RadioResourceConfigCommonSCell (i.e. SCell SIB1 configuration).
Proposal#3: RAN2 is requested to adopt PDCCH monitoring for eIMTA capable CA UE missing the L1 command or waking up from DRX is based on PDCCH subframe identified by union of DL/special subframes indicated by PCell SIB1 configuration and SCell SIB1 configuration respectively.
3      Conclusion 

We conclude the contribution with following observations and proposals:

Observation#1: eIMTA capable UE follows PDCCH subframe according to TDD configuration indicated in SIB1 results in decoupling of PDCCH monitoring and counting.
Observation#2: The L1 command will be sent only on the PCell but it will contain multiple indicators to provide TDD configuration for multiple SCells.

Proposal#1: RAN2 to specify counting towards DRX timers in eIMTA is based on PCell SIB1 configuration regardless of CA or non-CA.

Proposal#2: RAN2 is requested to adopt PDCCH monitoring for eIMTA capable UE missing the L1 command or waking up from DRX is based on PDCCH subframe identified from SIB1 configuration. 

Proposal#3: RAN2 is requested to adopt PDCCH monitoring for eIMTA capable CA UE missing the L1 command or waking up from DRX is based on PDCCH subframe identified by union of DL/special subframes indicated by PCell SIB1 configuration and SCell SIB1 configuration respectively.
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