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1 Introduction

In ref [1] we propose to go for “per UE measurement gaps” based on the timing in the MeNB. The number of subframes impacted by the measurement gap would be:

FDD: 6 or 7subframes in DL (based on DL Tdiff), and 6 or 7subframes in UL (based on DL Tdiff  and UL TA).

TDD: 6, 7 or 8subframes (based on TDD subframe configuration, DL Tdiff, and UL TA)

In this contribution we look in more detail what the impact is of this solution w.r.t. the handling the gaps in the SeNB. I.e. how can the SeNB become aware of the subframes in which the UE does not transmit/receive due to a measurement gap ?

2 SeNB handling of measurement gap in SeNB
Which SCG subframes the UE considers part of the DL/UL gap can in principle change quite quickly/often: i.e. if the Tdiff or TA changes a little, the measurement gap based on MCG timing would shift a little w.r.t. SCG timing and could thus overlap with different subframes in the SCG.This brings the question how the SeNB becomes aware of these changes in measurement gap timing w.r.t. SCG subframe timing.

One solution would be that the UE explicitly informs the SeNB about the position of the UL/DL measurement gap w.r.t. SCG timing at SCG establishment, and whenever the timing changes i.e. when other SCG UL/DL subframes become impacted:

Option 1: 
UE informs SeNB about UL/DL gap timing with MAC CE. This MAC CE can be used at measurement gap configuration, as well as when the UL/DL gap in the SeNB changes due MCG/SCG drift or UE mobility.

Option1 would bring the most accurate awareness of the UL/DL gap position to the SeNB at the cost of additional signalling and some additional complexity. E.g. 3GPP (RAN4) would have to specify thresholds of timing difference at which the UE should trigger such a MAC CE.

Alternatively we could consider solutions in which we accept that the SeNB is not always accurately informed about the gap position, but only “roughly “ (e.g. 1ms accuracy). Further gap handling would be left to the SeNB, e.g. the SeNB could try to detect based on UL activity/AN to DL signalling where the UE UL/DL gap really is and what the gap length is the UE is currently using. 

In this type of solution, we see 3 approaches of how to make the SeNB aware of the “rough timing” of the UL/DL gap in the SCG:

2a) Network Based solution
2b) UE based reporting: UE specific

2c) UE based reporting; ANR
2a) Network based solution
In this type of solution, e.g. based on some NTP like solution over X2, the network would be able to determine the timing difference between MCG and SCG. 
During RAN2#86, RAN2 received an incoming LS from RAN3 on this type of solution (ref [2]). Although it is a bit unclear if RAN3 fully understood the intention of the RAN2 question, if we assume that based on a network based solution the SeNB could determine the MCG/SCG timing difference with a max inaccuracy of  e.g. +/- 0.4ms, then only maximum 2 positions are left for the position of the UL/DL gap in the SeNB. Two examples are shown in figure 3 and 4.
In figure 3 the network determined an MCG/SCG timing offset of  x+0.5ms (+/- 0.4ms) for both the UL and DL subframe timing (i.e. TA=0). 
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Figure 3: MCG/SCG subframe offset of  (x+0.5) ms (0.4ms accuracy; TA=0)
In this situation, if the measurement gap in the MCG starts at subframe 0, the gap in the SCG must start in “x-1”. No other option is possible as long as propagation delay changes and TA changes do not have impact exceeding 100us.
In figure 4, the network determined an MCG/SCG timing offset of x ms (+/- 0.4ms). 
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Figure 4: MCG/SCG subframe offset of  (x) ms (0.4ms accuracy; TA=0)

In this situation, the SeNB will not know whether the UL/DL gap starts at subframe x or subframe x-1. SeNB will have to take both options into account and might, based on its own traffic, determine the gap position more accurately.
2b) UE based reporting: UE specific

Instead of having the network determine the timing difference we could have the UE determining the UL/DL subframe timing difference and report it to the network. During RAN2#86, RAN2 received an incoming LS from RAN4 on this type of solution (ref[3]), in which they assumed that a subframe level accuracy should be able to be  achieved with this type of solution.

Both reporting with RRC (via MeNB , after which the MeNB forwards the information to the SeNB) or MAC (UE directly reporting to SeNB) would be possible. In case of reporting with MAC CE, the option 2b becomes very similar to the option 1.
2c) UE based reporting; ANR

Since the cell timing difference would be quite the same for all UE’s, especially if we consider that the SeNB would be serving small cells, rather than having each UE individually report the cell timing difference, it would be sufficient to rely on an ANR type of reporting by some UE’s. In this case the UE reporting would probably be done with RRC, after which the MeNB would forward the information to the corresponding SeNB.

3 Conclusion
W.r.t. the SeNB handling of the measurement gap, 2 major solutions are described:

Option 1: 

SeNB has accurate knowledge of  UE UL/DL gap in SCG

UE informs SeNB about UL/DL gap timing with MAC CE. This MAC CE can be used at measurement gap configuration, as well as when the UL/DL gap in the SeNB changes due MCG/SCG drift or UE mobility.

Option 2:

SeNB has rough (e.g. +/- 0.4ms) knowledge of MCG/SCG timing difference
2a) Network Based solution

2b) UE based reporting: UE specific

2c) UE based reporting; ANR

Given the short time left for Rel-12 finalisation, we assume the only solution possible for Rel-12 is option 2a, in which RAN3 could either specify a standardised solution or we leave this to eNB implementation. In future releases, a more advanced option could be specified.
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