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Introduction
In RAN1#94bis, RAN1 received the LS on intra-band combination for NR CA and MR-DC [1]. Reply LS was agreed in RAN1 as [2]. In the reply LS, following was concluded on the handling of TA in Synchronous MR-DC.
For the second question, from a UE transmission perspective, the same timing (considering allowed tolerances) is necessary for both LTE and NR (except for RACH) for some RF architectures in synchronous intra-band MR-DC scenarios. RAN1 is currently discussing solutions that will achieve this functionality, including the aspect of “single UL timing adjustment across the two RATs or parallel UL timing adjustments in the two RATs”. RAN1 plans to provide further information once it is concluded.
In RAN4, following was concluded on the handling of TA in Synchronous MR-DC [3].
RAN4 has defined both synchronous and asynchronous operations for intra-band EN_DC combinations. For which are synchronous operation, this is where LTE and NR are time-aligned. The synchronous case corresponds to MRTD of 3 µs (maximum UE receive timing difference). Even in the co-located case with “identical” propagation paths, the CGs can have different radio paths/chains, which can motivate separate timing management on the two CGs. How synchronous MR-DC combinations should be supported from timing adjustment perspective is a RAN1 issue and it is unlikely that RAN4 will have a response.
This document discusses the handling of TA in Synchronous MR-DC further. 

Discussion
Handling of TA in Synchronous MR-DC (other than RACH)
At first, we discuss the case other than PRACH. In order to have the same timing (with allowed tolerances), we identified following options.
Option 1:	Separate TA handling with network limitation
In this option, the network has the responsibility that TA values indicated to UE. If the indicated values are beyond UE's allowed tolerances, UE behaviour is undefined.
Option 2:	Separate TA handling with UE limitation
In this option, the network does not have the responsibility that TA values indicated to UE are within UE's allowed tolerances. If the value is beyond the allowed tolerances, based on UE implementation specific algorithm, UE select certain TA values for the respective RATs.
Option 3:	Separate TA handling with ruled UE limitation
In this option, the network does not have the responsibility that TA values indicated to UE are within UE's allowed tolerances. The UE behaviour is specified on how to handle TA value when the indicated values are beyond UE's allowed tolerance.
Option 4:	Single TA handling (via PCG)
In this option, the network does not have the responsibility that TA values indicated to UE are within UE's allowed tolerances. TA value is determined by PCG value. The indicated TA value in SCG is neglected by UE.
As different radio paths/chains between RATs, if the network has completely independent between 2 RATs, there can the possibility that the indicated TA values can be beyond UE's allowed tolerance. Therefore, we think option 1 is not so realistic.
When two RATs are operated completely independent at the network side, in option 2 and 3, there is the situation that the network request to change TA value, but UE does not follow the indicated value. In such situation, the network may further request to change TA value but still UE does not follow the indicated value. Such procedure can be repeated. In order to avoid such situation, regardless of option 2 or option 3, the network internal coordination between 2 RATs would be required.
In case single PA is used for intra-band EN-DC, for the phase continuously reason, to have the capability of non-aligned starting or ending times or hop boundaries across carriers are introduced [4]. We think such single PA capability can be more typical for intra-band MR-DC where spectrum is contiguous across LTE and NR. To support such UE, the network internal coordination is also required between 2 RATs. Compared with aligned starting/ending time between two RATs, TA value information exchange is much easier between 2 RATs in the network.
From the network perspective, predictable UE behaviour is important to control UE's TA value within the network's reception window. When TA value of one RAT is close to boundary of reception window, assuming some network coordination between 2 RATs, the network can use the other RAT to adjust TA value on the RAT as far as the rule is known to the network. Therefore, option 3 or 4 would be more suitable.
When we compare option 3 and 4, the simplest rule would be option 4. Therefore, we propose to take option 4.
Although the UE's maximum allowed tolerance should be determined by RAN4, it can be related to UE's transition time definition of 20 or 40 us for LTE defined in section 6.3.4 of TS36.104. This transition time could be further increased when TA values of two RATs are apart further. When 40usec are uncertain value of transition time, in any way, to drop the whole one SC-OFDM symbol does not make so big difference. In such situation, additional 30 us may be further added. If such large allowed tolerance is allowed between 2 TA values of two RATs, more than 1 step of TA value (15kHz SCS 5.2us, 30kHz SCS 2.6us, 60kHz SCS 1.3us), to have independent TA control can be possible with certain limit. In such case, TA value is basically determined by PCG but to allow to change TA value of SCG within allowed tolerance can be viable option as far as the requirement comes from phase continuity is satisfied.
As TA value is mainly determined by PCG, TA value signalled by PCG random access response is taken by UE. TA value signalled by SCG random access response is supported as far as it is within UE's maximum allowed tolerance.
Based on the above discussion, we propose following.
Proposal 1: In Synchronous MR-DC (other than RACH), TA value of SCG is determined by TA value of PCG. TA value signaled in PCG random access response is used by UE. For other cases, if UE's maximum allowed tolerance is larger than 1 step of TA command, UE should adjust TA value of SCG accordingly within maximum allowed tolerance as far as the requirement comes from phase continuity is satisfied.


Handling of TA in Synchronous MR-DC on RACH
PRACH is sent TA value = 0 in LTE or NR respectively. Therefore, when one RAT is transmitting PRACH and the other RAT is transmitting current TA value (PUSCH/PUCCH/SRS), the transmission timing is different. When PRACH is sent is not controlled by the network. Therefore, network based handling of PRACH timing are not possible. To change PRACH timing similar to PUSCH/PUCCH make the transmission timing alignment among 2 RATs but it has large impact on the network side. In general, PRACH transmission is not frequent compared with PUCCH/PUSCH transmission. Therefore, to allow no transmission in the other RAT should not have significant impact on the network operation. We propose following.
Proposal 2: In Synchronous MR-DC, PRACH is sent as TA value zero as no difference from LTE/NR. In the slot/subframe PRACH is sent in one RAT, UE is allowed not to transmit channels/signals in the other RAT.


Multiple TAG handling
A UE can have multiple TAGs in PCG and multiple TAGs in SCG. Synchronous MR-DC can be only one of TAG among multiple TAGs. The situation can be illustrated by figure 1.



Figure 1: One synchronous MR-DC TAG among multiple TAGs

In the figure, LTE TAG1 and NR TAG2 are operated as synchronous MR-DC and shown blue. As RRC signalling related to which cell is the same TAG is independent between NR and LTE, no explicit signalling is possible to indicate which TAGs of different RAT are same. On the other hand, as the network is able to know NR Cell2 and LTE Cell 1 are operated as synchronous intra-band MR-DC, it can deduce NR TAG2 and LTE TAG1 is same TAG when NR cell 2 and LTE Cell 1 is synchronous intra-band MR-DC. Therefore, we propose following.
Proposal 3: When one TAG in PCG RAT contains a CC of synchronous intra-band MR-DC, the TAG in the SCG RAT which contain the the corresponding CC of the synchronous intra-band MR-DC is interpreted as the same TAG of the PCG RAT.


Conclusion
We discussed the handling of TA in intra-band synchronous MR-DC 
Proposal 1: In Synchronous MR-DC (other than RACH), TA value of SCG is determined by TA value of PCG. TA value signaled in PCG random access response is used by UE. For other cases, if UE's maximum allowed tolerance is larger than 1 step of TA command, UE should adjust TA value of SCG accordingly within maximum allowed tolerance as far as the requirement comes from phase continuity is satisfied.
Proposal 2: In Synchronous MR-DC, PRACH is sent as TA value zero as no difference from LTE/NR. In the slot/subframe PRACH is sent in one RAT, UE is allowed not to transmit channels/signals in the other RAT.
Proposal 3: When one TAG in PCG RAT contains a CC of synchronous intra-band MR-DC, the TAG in the SCG RAT which contain the the corresponding CC of the synchronous intra-band MR-DC is interpreted as the same TAG of the PCG RAT.
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