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1. Introduction

As discussed in [1], TDD eIMTA may impact DRX in the following two aspects:
· The definition of PDCCH-sbuframe.
· The relation between Active Time and TDD eIMTA.
In this contribution, we analyze these aspects and provide our preference based on the analysis.
2. Discussion

2.1. Definition of PDCCH-subframe
· With the introduction of TDD eIMTA, subframe direction change is allowed. The changes between DL subframes and special subframes have no impact on PDCCH-subframe counting. But it should be discussed whether the DL subframes changed from UL subframes can be counted as PDCCH-subframe. There are two alternatives to define the PDCCH-subframe:
· Alt1：The PDCCH-subframe is counted according to the TDD UL/DL configuration in SIB1.
· Alt2：The PDCCH-subframe is counted according to the TDD UL/DL configuration indicated by L1 signaling.
Table 1 shows an example of these two alternatives, assuming TDD UL/DL configuration changes from #0 to #2:
Table1.   Alternatives of counting the PDCCH-subframes
	
	Subframe index

	
	#0
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9

	Original TDD configuration(#0)
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	TDD configuration of TDD eIMTA(#2)
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	PDCCH-sbuframes of Alt1
	
	
	
	
	
	
	
	
	
	

	PDCCH-sbuframes of Alt2
	
	
	
	
	
	
	
	
	
	


The above two alternatives can be compared from the following aspects：

1)  Decoupling PDCCH-subframe and PDCCH monitoring

For Alt2, the PDCCH-subframes and the subframes used for PDCCH monitoring are the same. But for Alt1, the PDCCH-subframe and PDCCH monitoring should be decoupled; otherwise, some DL scheduling chances (e.g. subframe#3, #4, #8, #9) will be missed, which contradicts with the intention of TDD eIMTA. 
2) Misunderstanding on Active Time between UE and eNB
For Alt1, only PDCCH loss for UL/DL initial transmission will cause misunderstanding on Active Time between UE and eNB. But its impact is minor since there is HARQ feedback and eNB can handle the misunderstanding by not performing scheduling on the subframes with potential misunderstanding. An example of such error case handling is shown in Figure 1. 
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                              Figure1.  PDCCH loss handling in Alt1
For Alt2, except for PDCCH loss, there are two additional sources of potential misunderstanding on Active Time between UE and eNB:

· Loss of L1 signaling indicating the TDD eIMTA configuration
Its impact is more serious because there is no HARQ feedback and eNB cannot know whether the UE has received the indication correctly.

· TDD eIMTA enabling/disabling
According to [1], explicit or implicit RRC signaling may be used to enable the TDD eIMTA. Once UE receives the RRC signaling, UE will apply it immediately. However, eNB does not know the exact time when UE applies the RRC configuration, which may cause misunderstanding on Active Time between UE and eNB. But since the TDD eIMTA enabling/disabling is semi-static, its impact may be limited.
3) Power saving efficiency
Assuming one fixed value for a DRX timer counted by PDCCH-subframe, Alt1 is not beneficial for power saving. For example, assuming TDD UL/DL configuration is changed from #0 to #5, with the length of drx-Inactivity timer being 10psf and the timer started from subframe#0, the real active times due to drx-Inactivity timer running for Alt1 and Alt2 are 22ms and 12ms. That is to say, in this example, Alt2 can save roughly (22-12)/12=82% more power compared with Alt1.

4) CSI resource multiplexing amongst UEs

If the number of UEs in a cell is large, CSI resource multiplexing should be considered. For Alt1, onduration period is fixed, thus if CQI masking is setup by upper layer, CSI resource can be multiplexed amongst UEs in the time domain.  However, for Alt2, onduration period changes dynamically, thus even if CQI masking is used, CSI resources still cannot be multiplexed amnogst UEs.

5) Specification effort
For Alt1, the specification effort is listed below:

· Need to clarify the downlink subframes and subframes including DwPTS are corresponding to SIB1. 

· Need to decouple the PDCCH-subframe and PDCCH monitoring.

For Alt2, the specification effort is less, it only needs to clarify that the downlink subframes and subframes including DwPTS are corresponding to the L1 signaling indicating the TDD eIMTA configuration.

The above analysis can be summarized in the following table:
Table2.   PDCCH-subframes definitions comparison
	         
	Alt1
	Alt2

	Decoupling PDCCH-subframe and PDCCH monitoring 
	Y
	N

	Misunderstanding on Active Time between UE and eNB
	Y

(eNB can handle)
	Y

(eNB cannot handle)

	Power saving efficiency
	Worse
	Good

	CSI resource multiplexing amongst UEs
	Support
	Not support

	Specification effort
	More
	Less
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According to the above table, Alt2 has advantages of power saving efficiency and less specification effort compared with Alt1, but its disadvantages include that eNB cannot handle the misunderstanding on Active Time between UE and eNB, and it cannot well support the multiple user CSI resource multiplexing in the time domain. Based on the discussions, we have the following proposals. 

Proposal 1:  RAN2 is suggested to discuss how to define the PDCCH-subframe with the introduction of TDD eIMTA.
Proposal 2: If the PDCCH-subframe is counted according to the downlink and DwPTS subframes indicated in SIB1, decoupling of PDCCH-sbuframe and PDCCH monitoring should be specified.
Proposal 3: If the PDCCH-subframe is counted according to the TDD configuration indicated by L1 signalling, whether the misunderstanding on active time between eNB and UE should be solved needs to be discussed.
2.2. Relation between Active Time and TDD eIMTA
In order to acquire the dynamic TDD UL/DL configurations, UE needs to monitor the L1 signaling indicating the TDD eIMTA configuration. Therefore, one question is whether eIMTA-enabled UE should always monitor the TDD eIMTA related L1 signaling.
If UE always monitor the L1 signaling indicating the TDD configuration in the non-Active Time of long DRX (during which there is no data traffic for the UE), it is less efficient from power saving point of view. 

Proposal 4: RAN2 is suggested to discuss whether TDD eIMTA enabled UE should always monitor the L1 signalling indicating the TDD eIMTA configuration.

If UE only monitors the L1 signalling indicating the TDD eIMTA during Active Time, UE may not be able to acquire the dynamic TDD UL/DL configuration at the beginning of the active time. In this case, the TDD UL/DL configuration in SIB1 can be used until UE acquires the dynamic TDD UL/DL configuration.

Proposal5: If UE only monitors the L1 signalling indicating the TDD eIMTA in Active Time, the TDD UL/DL configuration in indicated SIB1 can be used until UE acquires the dynamic TDD UL/DL configurations.
If RAN2 decides that UE should always monitor the TDD eIMTA configuration, there are three possible options to ensure the UE is able to receive the L1 signalling:

· Option 1: The definition of Active Time is modified to include the subframes containing the L1 signaling indicating the TDD eIMTA configuration.
· Option 2:  eNB uses well-organized DRX configurations so that UE is active in the subframes containing the L1 signaling indicating the TDD eIMTA configuration.
· Option 3：Monitoring of the L1 TDD eIMTA configuration indication signaling is treated in the same way as for SI-RNTI/P-RNTI scrambled PDCCH.
The above options are compared in the following table:
Table3.  Solutions comparison
	
	Option 1
	Option 2
	Option 3

	Increase eNB implementation complexity
	No
	Yes
	No

	Specification efforts
	Yes
	No
	Yes

	Impact on resource utilization
	Good
	Worse
	Good


Option 2 may be excluded as it increases the eNB implementation complexity and has worse impact on the resource utilization.
Proposal 6: If UE always needs to monitor the L1 signalling indicating the TDD eIMTA configuration, RAN2 is suggested to choose one between Option 1 and Option 3 to ensure the UE can receive this signalling.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1:  RAN2 is suggested to discuss how to define the PDCCH-subframe with the introduction of TDD eIMTA.
Proposal 2: If the PDCCH-subframe is counted according to the downlink and DwPTS subframes indicated in SIB1, decoupling of PDCCH-sbuframe and PDCCH monitoring should be specified.
Proposal 3: If the PDCCH-subframe is counted according to the TDD configuration indicated by L1 signalling, whether the misunderstanding on active time between eNB and UE should be solved needs to be discussed.
Proposal 4: RAN2 is suggested to discuss whether TDD eIMTA enabled UE should always monitor the L1 signalling indicating the TDD eIMTA configuration.

Proposal5: If UE only monitors the L1 signalling indicating the TDD eIMTA configuration in Active Time, the TDD UL/DL configuration indicated in SIB1 can be used until UE acquires the dynamic TDD UL/DL configurations.
Proposal 6: If UE always needs to monitor the L1 signalling indicating the TDD eIMTA configuration, RAN2 is suggested to choose one between Option 1 and Option 3 to ensure the UE can receive this signalling.
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