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Discussion
1
Introduction
Way Forward on UE behaviour after measurement gap[1] was agreed in RAN4#68 which includes below guidance: 

· From Release 8 to Release 11
· The current TDD UE behaviour in the uplink subframe occurring immediately after the measurement gap in TS36.133 is no need to be changed.
· Release 12 and later
· Impact on the complexities and performance of UE and network are to be taken into account when investigating the necessity of changing UE behaviour in the uplink or downlink subframe occurring immediately after the measurement gap in TS36.133
· Timeline
· Interested companies to provide their findings in RAN4#68bis
· Agree on CR if needed based on outcome by RAN4#69
In this contribution, we discuss the rel.12 impact, especially analysis the impact of scenario 1) different UL/DL configuration for inter-band CA and 2) Multiple TAGs, and bring our considerations. 

2
Discussion
2.1 Current Specs
In current TS 36.133 rel.10/11, according to the CR [2], the assumption for UE on measurement gap starting point was captured in note of the table 8.1.2.1-1 for Gap pattern configurations.    
Table 8.1.2.1-1:
NOTE 2:
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
And the following UE behaviours of rel.8-11 remain unchanged. 
In the uplink subframe occurring immediately after the measurement gap, 

-
the E-UTRAN FDD UE shall not transmit any data
-
the E-UTRAN TDD UE shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe.
The discussion is only focused on the TDD UE behaviour, because it is already specified that the FDD UE shall not to transmit data in UL SF immediately after MG. The case that UL SF immidiatally before and after MG only possbile occurs in UL/DL configuration 0/1/6. Since the TDD UL SF usability will also impact the relevant DL SF usability who expects HARQ feedback in this UL SF, more attention should be put in the system performance aspects, taking into consideration from complexity aspects. 
2.2 Different UL/DL configuration for inter-band CA
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Figure 1: illustration on the case of full duplex UE support for different UL/DL configuration
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Figure 2: illustration on the case of half duplex UE support for different UL/DL configuration     

In the Figure 1 and 2, the UE is with different UL/DL configurations in PCC (with configuration 3) and SCC(with configuration 0 or 2) for CA. 
In case of full duplex UEs in figure 1, the usability of UL SF after the measurement gap is the same with the previous release. If the SF occurring before the MG is a DL SF, the TDD UE shall not transmit in the UL SF immediately after the MG; however if the SF occurring before the MG is both UL SF, the TDD UE can utilize the SF UL SF immediately after the MG
In case of half duplex UE in figure 2, it may be misunderstood that for the SCC, since the SF before MG is UL, the UL SF immediately after the MG could be possible utilized, since the UL transmission is not at all expected in the PCC. However from the figure we can see the DL SF in PCC just before MG could also impact and make MG overlap with the followed UL SF. Thus the description for UE behaviour needs to be clarified more clearly. An example is as follow:

“ -
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).”
Observation1: 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). 
2.2 Multiple TAGs impact
The multiple TAGs are assumed to be supported shown in below figure 3. A typical case is MTAGs used for non-collocated cells, e.g. PCell is a Macro cell and Scell is a small cell.    
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Figure 3: Multiple TAGs impact
The difference on TA offset obviously will impact the MG stating point. At least in the CC with large TA offset, the UL SF immediately after MG will be overlapped. If the cell with large TA offset is a Pcell, although the PUCCH is only carried in Pcell, the Scell UL SF is still possible for scheduling with PUSCH.
For the CC with large TA offset, if considering keeping the usability of the UL SF immediately after MG, then a duration equals to the TA offset difference between 2CCs is needed to be compressed from the MG. The discussion on the maximum UL timing difference is still onging where 30us+[tolerance] is already considered as maximum UL timing [3]. However according to the minimum measurement time 5.29ms (guarantee containing PSS and SSS for cell detection)+0.5ms(in addition to re-tune and settle to the inter-frequency carrier and back to the serving carrier) analyzed in [4], it seems the measurement gap is still able to provide margin. It is suggested the UE vendors to check whether (6ms- [up to 30+tolerance]us) is still feasible for measurement. 
Furthermore it is checked the below exact cases are relevant:
The case that UL SF immidiatally before and after MG only possbile occurs in UL/DL configuration 0/1/6.
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.
Observation2:
With regards to the multiple TAGs, the relevant cases 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. It is also suggested the UE vendors to check whether (6ms- [up to 30+tolerance]us) is still feasible for measurement, as shown in below figure 4. 
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Figure 4: an approach to be evaluated with no change on usability of UL SF immidiatly after MG. 
2.3 Further considerations
There are two proposal discussed in RAN4#68 meeting:
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 section 2.1 and 2.2, 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 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, especially analysis the impact of scenario of 1) different UL/DL configuration for inter-band CA and 2) Multiple TAGs. We have the following observations:
Observation1: 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). 
Observation2: 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- [up to 30+tolerance]us) is still feasible for measurement. 
The final resolution should consider the system performance, measurement performance as well as complexity.

References

[1] R4-134374, WF on UE behavior after measurement gap, Huawei, HiSilicon, CATT, Ericsson, ST-Ericsson, NSN
[2] R4-132923/24,  Adding clarification for begin and end of measurement GAP for Rel-10/11, CATT, Samsung, Nokia Siemens Networks, Nokia Corporation,Ericsson, ST-Ericsson
[3] R4-134262,  LS on Maximum TA difference between TAGs, RAN1
[4] R4-131129,
Discussion on UL transmission after measurement gap, Huawei, HiSilicon
[5] R4-132668,  UL transmission behaviour after measurement gap for TDD, NSN, Nokia

[image: image6]
