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Discussion
1
Introduction
There has been discussion concerning the UL SF usability after a measurement gap is impacted due to the rel.12 scenarios. Way Forward on UE behaviour after MG [1] was agreed in RAN4#69 as follows: 

“Rel-12 scenarios for investigation as listed in R4-135777[2]. Investigate generic versus scenario specific requirements as in R4-135777”, specifically consider the below “issues for further investigation:
· Total frequency switching time (including tolerance) allowed by RAN4 specification (TS 36.133)

· Sum of the time to switch from serving carrier to non-serving carrier and the time to switch back to serving carrier. 

· Whether UE should be allowed to drop UL subframe immediately after gap in the rare case of receiving consecutive maximum TA adjustments before the gap

· Whether the combination of timing difference between multiple TAGs and multiple maximum TA commands should be considered in multiple TAG case for determining required measurement time.”
In this contribution, we focus on analysis the specific issues for further investigation, and bring our considerations. 

2
Discussion
For the analysis on discussing the rel.12 impact for UE behaviour, company contribution [3] provides analysis of full list scenarios and especially focus on the impact of scenario 1) different UL/DL configuration for inter-band CA and 2) Multiple TAGs, with the below observations:  
“Observation 1: For the case of FDD single carrier/TDD single carrier and FDD/TDD CA with single TAG, there is no difference for the previous release thus no specific considerations on these scenarios for changing the UE behaviour.

Observation 2: the very rarely occurred error case of large TA adjustment could be handled by UE simply dropping the UL SF after measurement gap in such situations. 

Observation 3: With regards to the different UL/DL configuration for inter-band CA, the usability of UL SF after the measurement gap is the same with the previous release, considering expanding to any of the frequency(ies). 

Observation 4: With regards to the multiple TAGs, the UL SF usability relevant cases are still quite a few. And in configuration 6, the corresponding DL SF usability is also impacted. It is better to carefully evaluate the cases in order to avoid system performance degradation. It is also suggested the UE vendors to check whether (6ms- 32.47us) is still feasible for measurement.”
The discussion is focused on TDD UE, in case of the SF before MG is an UL SF, and whether the UL SF immediately after the MG will be impacted and unusable. That may change the UE behaviour in current 36.133 “the E-UTRAN TDD UE shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe”, providing “a measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap”, with multiple UL the measurement gap should start from the latest ending of the SF before the measurement gap in all the CCs.

2.1 Issues for investigated

Total frequency switching time
The discussion is focusing on whether the 6ms measurement gap could provide enough tolerance for the TA offset difference between 2CCs up to 32.47us [4]. Thus it was suggested in [3] that chipset vendors to check whether (6ms- 32.47us) i.e. 5.96753ms is feasible or not for measurement. And in WF [1], it is captured:  

· Current measurement gap length = 6 ms since Rel-8 as defined in 36.133

· Minimum available time during a measurement gap = 5 ms according to Table 8.1.2.1-1 in TS 36.133.

· Additional time (0.14 ms and 0.29 ms for FDD and TDD respectively) is needed to facilitate coherent detection of PSS and SSS.
Thus (5.29ms+switching time) could be a necessary duration for measurement for maximum case. And then the question is whether 677us is enough or not for UE switching RF for measurement. [5] is stating 500us for re-tune and settle to the inter-frequency carrier and back to the serving carrier switching. And [6] is stating that 600μs is sufficient for two time frequency switching. While in [7] the analysis is assuming 1ms for switching. More input would be needed on the necessary duration for UE RF switching for decision.
Combination of timing difference between multiple TAGs and multiple maximum TA commands

Another ongoing discussion is whether the multiple maximum TA commands could be accounted into upon the maximum UL timing difference between TAGs. 
First of all, the maximum accumulated TA case is assuming TA commands received during a short period of 6 SFs before the measurement gap. In this case the maximum TA could be as 3*16.7us, as 0.0501 ms providing 3 DL SFs (considering the configuration 0/1/6 only which UL SF before and after MG) carrying the MAC CEs within the 6SFs before the measurement gap [8].
On the other side, the UE supported maximum UL timing offset for multiple TAG is 32.47us [4]. The UE behaviour is not defined when receiving TA command to even enlarge the UL timing offset upon the maximum value 32.47us. However since the maximum UL timing offset for multiple TAG is already specified, it should be assumed as the reference limitation.

UE behavior for the rare case of receiving consecutive maximum TA before the gap

Yet another discussion is whether the UE is allowed to drop UL subframe immediately after gap in the rare case of receiving consecutive maximum TA before the gap. 
The accumulated TA commands during 6 SFs before the MG may occur but likely only quite rarely and would only impact 1 UL Transmission rather infrequent, and will not happen at each MG. Having a generic requirement not allowing the usage of one UL SF after each MG does not seem reasonable and will be wasting resources. 
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Figure 3: Error case for having large TA adjustment

A UE in such case could simply drop the UL SF immediately after measurement gap, if such situation occurs, and the BS would also be able to know when such drop may occur and avoid scheduling as well. In this case only one UL SF will be dropped when the situation occurs instead of dropping each UL SF after MG. 
Another approach is that UE would be required to follow the new timing and the existing MG requirements and switch back on time. Thus one measurement result could be invalid but as the situation should occur quite rarely the impact should be rather small.     

Not allowing the usage of one UL SF after each gap due to this rarely occurring accumulated TA case does not seem reasonable.
2.2 Analysis for scheduling flexibility and UE maximum UL throughput
Furthermore it is checked the below exact cases are relevant for the UL SF usability after MG:
The case that UL SF immidiatally before and after MG only possbile occurs in UL/DL configuration 0/1/6 which may relvant with potential specification changes.
1) Configuration 0 (UL heavy), 
a. MG starts from SF#2: the usability of UL SF#8, No impact to DL SF 
b. MG starts from SF#3, the usability of UL SF#9, and the corresponding DL SF# 5 for UL grant (according to 36.213) is in MG thus the SF#9 is not usable in original unless for SPS
c. MG starts from SF#7, the usability of UL SF#3, No impact to DL SF HARQ
d. MG starts from SF#8, the usability of UL SF#4, and the corresponding DL SF# 0 for UL grant is in MG, thus the SF#9 is not usable in original unless for SPS
2) Configuration 1 (UL:DL=1:1), 
a. MG starts from SF#2, the usability of UL SF#8, and corresponding DL SF# 4 for UL grant is in MG, thus the SF#4 is not usable in original unless for SPS 
b. MG starts from SF#7, the usability of UL SF#3, and corresponding DL SF# 9 for UL grant is in MG, thus the SF#3 is not usable in original unless for SPS 

3) Configuration 6 (UL heavy), 
a. MG starts from SF#2, the usability of UL SF#8, and corresponding DL SF# 1  
b. MG starts from SF#7, the usability of UL SF#3, and corresponding DL SF# 6  
c. MG starts from SF#8, the usability of UL SF#4, and corresponding DL SF# 9 

It is concluded for configuration 1 and b/d of configuration 0, the relevant UL SFs could only be used for SPS scheduling otherwise that SF is not usable in original since the SF carrying corresponding UL grant is in the MG. and for a/c of configuration 0, the relevant UL SFs usability has no impact to DL SF usability. But for configuration 6, the UL SF usability is relevant with corresponding DL SF usability. The impacted cases should be the same when decide the rel.8 rule.  
It seems the relevant cases due to multiple TAGs are still quite a few and in some configuration (e.g. configuration 6), the corresponding DL SF usability is also impacted. Thus it is better to carefully evaluate the cases in order to avoid system performance degradation.

Although mentioned in [7], that “loss of scheduling opportunity for individual UEs due to consistently dropping UL after a measurement gap does not have any impact on the system throughput since the resources can be used by other UEs. Inconsistent UE behaviour is causing loss in system throughput since occasionally allocated UL resources will not be used. UEs going out-of-sync due to not having been able to detect a suitable candidate for handover cause loss in system throughput due to overhead for reestablishment of connection.”  However the scheduling flexibility and UE maximum UL throughput upper bound could be impact with the unusable UL SFs. And if the UE behaviour be clarified, the allocated UL resource will be utilized according to BS scheduling, to improve the UE’s UL peak data rate. The measurement performance was more relevant with the tolerance for switching time which needs further discussion with more input.    
There were two proposals discussed in previous meetings:
1) If UE is using multiple TAG, it shall not transmit or receive any data in the subframe occurring immediately after the measurement gap (the BS knows which UE is using MTAG).

However as we identified some DL SFs’ usability may also be impacted by dropping of UL SFs. And at least the CC with smaller TA offset should still able to be scheduled. 
2) For rel.12 UE, In the UL SF occurring immediately after the measurement gap, the E-UTRAN FDD UE shall not transmit any data in any case (the BS already knows the release information of UE).

However in the analysis, we show the case that multiple TAG is the only intention for the spec changes for dropping of UL SFs. For different UL/DL configuration for inter-band CA, or single carrier, single TAG cases, there is no need to change spec to require further dropping the UL SF immediately after MG. 

In both cases, the UL and corresponding DL SF usability are needed to be considered for system performances, as well as the possibility of fulfil the measurement requirements. 
3
Conclusion
We bring analysis on the usability of UL SF occurring immediately after the measurement gap for TDD. 
Conclusion 1: the UE total frequency switching time (e.g. whether 677us is enough as total for 2 directions for inter-f measurement) is the key issue to decide whether to change the UE behaviour on UL SF after MG. 

Conclusion 2: Although the UE behaviour is not defined when receiving TA commands to further enlarge the UL timing offset upon the maximum value 32.47us, however the maximum UL timing offset for multiple TAG is already specified and should be assumed as the reference limitation.  
Conclusion 3: It is not reasonable to disable the UL SFs after each MGs due to a rarely occurred accumulated TA adjustment case in single MG.

In addition, according to the analysis in [3] for the full list of scenario, we propose the below changes to 36.133:
 “ -
the E-UTRAN TDD UE shall not transmit any data if the transmission direction in the subframe occurring immediately before the measurement gap is downlink on any of the frequency(ies).”
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