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1 Background

Timing requirements for the variable-duplex FDD bands and the associated shared UL were discussed in [1]. However, inclusion of BS and UE timing requirements for UL sharing were not agreed in the resulting WF [2]. In this contribution we propose a compromise by which the applicability of the time masks for ULSUP-TDM in the core specification is made clear, but without specifying BS and UE timing requirements in Rel-16. By introducing a guard period (GP) in the time masks the conditions and deployment scenario under which these core requirements apply can be inferred even without an explicit BS TAE specification.
We propose to cover the collocated case in the first instance, the MRTD of the corresponding intra-band EN-DC case is used for determing the duration of the GP.

2 Applicability of UE time masks for ULSUP-TDM
The existing UE switch-time masks for ULSUP-TDM are based on the assumption that the downlink timing alignment between the CGs is ideal (0 s). However, ideal timing does not exist and the TA control loops are not ideal. The conditions under which the time masks apply, e.g. implications of a collocated scenario, should be made clear in the absence of specified BS TAE and UE timing accuracy requirements. .
The existing ULSUP-TDM look like in Figure 1 (does not show all cases but the two switching types, other cases are symmetrical when NR and LTE are swapped)
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Figure 6.3B.1.1-3: E-UTRA to NR switching time mask for type 2 for TDM based UL sharing from UE
perspective within FR1




Figure 1: the current ULSUP-TDM switching masks.
From a BS receiver perspective for which the time masks are relevant, the UL timing should be aligned to within a fractions of the CP. This is not only the case for a collocated (common) receivers, but also for non-collocated receivers since the E-UTRA and NR ULs are present at both receiver ports.
The conditions under which the current masks are specified are unclear. The standard time mask for standalone operation are based on a single reference-cell DL timing, do not assume any TA management but must account for gradual timing adjuatment for the UE to adjust its uplink timing if the deviation to the DL timing larger than a threshold (Te). 

In the field, both BS TAE and UE UL timing alignment errors affect the transient at the switch point. Depending on the BS RX configuration and TA management, BS TAE will also affect the transient periods in the existing mask since the BS RX timing follows the TX timing (with a possible TAoffset). The UE UL timing alignment error, denoted Tae, is comprised of several components for which requirements are specified in 36.133 and 38.133:

· TA resolution error
· UE Timing advance adjustment accuracy setting error
· UE Timing Error Limit (Te)

that add up to about 1 us for each RAT in relation to their respective DL timing. These errors must also be accounted for in the SA time-masks (but these are not verified with varying TA commands; in this case the error can be doubled since there is a switch between CG/RATs. The BS TAE can be a systematic error that is not necessarily corrected by the TA loops depending on the network configuration, hence also a systematic UL timing misalignment between the CGs. The current MRTD for inter-band EN-DC, the relevant case for ULSUP-TDM with variable-duplex FDD bands, is MRTD = 33 s including BS TAE and difference in propagation time, but without any bound on the BS TAE. The difference in propagation time is managed by the (independent) TA loops within a specified accuracy.

Next the proposed changes of the time mask and condition imposed. For both E-UTRA and NR, the uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the corresponding reference cell per CG. The BS RX timing between CGs can be misaligned by up to and exceeding TAE (follows the TX and tight alignment assumed for each CG). The GG TA loops are independent and the UE follows different DL paths, which mean that the LTE SF and NR slot may be misaligned by TAE + Tae. The Tae is of the order of 1 us per CG (cf. the 2.21 us for EN-DC). In the switch-time mask, this means that the UE might determine that the NR slot should start TAE + Tae before the end of the LTE subframe as shown in Figure 2. The TDL,EUTRA and TDL,NR are the respective DL timing (first path) of EUTRA and the NR, respectively. The NR transmission can hardly start before the end of the EUTRA transmission, which means that the effective transient time of the NR is reduced, the transient time should start at the beginning of the NR slot. This occurs if the EUTRA is “late” or the NR is “early” with respect to the respective DL tining or with the DL timing misaligned due to TAE (the same timing advance in the two uplinks assumed). In case of “ideal” DL timing there EUTRA subframe should end where the NR slot begins; the current time masks.
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Figure 2: a succeeding NR slot overlapping with a preceding E-UTRA subframe due to DL timing misalignment.
Figure 3 shows the case when EUTRA is “early” and NR is “late” and a gap is created. In this case the transient times are not affected.
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Figure 3: a gap between a succeeding NR slot and a preceding E-UTRA subframe due to DL timing misalignment.
A guard period (CP) would be needed to accommodate the transmission timing misalignment between the CGs. This cannot be accommodated by a fixed GP like for TDD, but the time mask in the core specification should accommodate a possible misalignment -- conformance tests might still be carried out with one reference timing but the TE may not supply ideal timing between the CGs -- and a guard period. 
The duration of the GP should be determined by expected conditions in a collocated scenario, which is also assumed for intra-band EN-DC. Hence an MRTD = 3 s should be used as a baseline, this would also be an upper limit of the BS TAE even if the TAE is not specified explicitly. In view of figures 2 and 3, this motivates a GP duration of ±3 s to cover the cases of and overlap between successive slots and a gap between them.
Figure 4 shows the GP that should be centred at the end of the preceding symbol. The succeding slot can start anywhere within the GP, the figure displays the case where the succesing symbol is centred in the GP (same as for ideal timing). The GP implies the deployment scenario for which the time mask applies.
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Figure 4: a guard period inserted in the time mask (corresponding to the collocated case).
The UE can obviolsly not start the succeeding transmission before the end of the preceding transmission, which means that the current transient-period specification is affected. We assume that the current transient periods can not be modified. This means that the succeeding transient period must be extended by 3 s to cover the worst case when the NR slot overlaps with the preceding EUTRA subframe.
For standalone behaviour the UE behaviour when succeding slots overlap is specified, from 36.213,
For serving cells in the same TAG, when the UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.
and from 38.213

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as described in [10, TS 38.133], the UE changes 
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If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot.
However, the behaviour for ULSUP-TDM is not specified, but we make the assumption that the same principle would be implemented for EN-DC. From an RF perspective, the unwanted emissions requirements should also apply in any overlap, this could be covered by the folloing statement in the 38.101-3 (“least restrictive” used but the requirements are very similar):

For ULSUP-TDM, the least restrictive requirements in clause 6.5 of [38.101-1] and 6.6 of [36.101] apply during any overlap between the end of the preceding slot (subframe) and the start of the succeeding subframe (slot).

The UE may also perform gradual timing adjustment requirements (when the transmission timing error between the UE and the reference timing exceeds (Te then the UE is required to adjust its timing to within (Te according to 38.133). These must not be larger than 0.2 s for each adjustment, i.e. small compared to other durations specified in the time mask.
3 Modification of the UE time masks for ULSUP-TDM and related requirements

By introducing a guard period (GP) in the time mask the conditions under which these core requirements apply can be inferred even without an explicit BS TAE specification. The changes to the the time masks in 38.101-3 would look like follows:
6.3B.1
Output power dynamics for EN-DC with UL sharing from UE perspective

6.3B.1.1
E-UTRA and NR switching time mask for TDM based UL sharing from UE perspective

The E-UTRA and NR switching time mask is applicable for non-simultaneous transmissions between E-UTRA and NR in TDM based UL sharing from the UE perspective in the same channel, which is shared by E-UTRA and NR.

For UEs reporting E-UTRA and NR switching time capability of type 1 with switching time < 0.5 us for TDM based UL sharing from UE perspective within FR1 time masks in Figure 6.3B.1.1-1 and Figure 6.3B.1.1-2 shall apply. The succeeding E-UTRA subframe (NR slot) shall start within the guard period (GP) centred at the end of the preceding NR slot (E-UTRA subframe). 

For UEs reporting E-UTRA and NR switching time capability of type 2 with switching time < 20 us for TDM based UL sharing from UE perspective within FR1, time masks in Figure 6.3B.1.1-3 and Figure 6.3B.1.1-4 shall apply. The succeeding E-UTRA subframe (NR slot) shall start within the guard period (GP) centred at the end of the preceding NR slot (E-UTRA subframe). The switching time of type 2 is contained within the NR slot.
The switching time masks in this subclause apply on condition that any uplink transmission timing misalignment between the E-UTRA subframe and NR slot, including gradual timing adjustments but excluding timing advance, is covered by the GP.
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Figure 6.3B.1.1-1: E-UTRA to NR switching time mask for type 1 for TDM based UL sharing from UE perspective within FR1. The NR slot/mini-slot can start anywhere within the GP.
and similarly for the other cases. The specification of SUL band combinations would not be affected by these changes. The RF requirements applicable in any overlap between succeeding slots of different CGs should also be specified 
6.3
Output power dynamics

Output power dynamics for EN-DC operations in FR1 and FR2 as specified in TS 38.101-1 [2] and TS 38.101-2 [3], respectively. E-UTRA as specified in TS 36.101 [4]. For intra-band contiguous EN-DC operation in FR1, minimum output power requirements specified in subclause 6.3.1 of TS 38.101-1 [2] and subclause 6.3.2 of TS 36.101 [4] shall only apply when the power of all NR and E-UTRA carriers are set to minimum value. Similarly, OFF power requirements specified in subclause 6.3.2 of TS 38.101-1 [2] and subclause 6.3.3 of TS 36.101 [4] shall only apply when the power of all NR and E-UTRA carriers are OFF. The OFF power condition in transmit ON/OFF time mask requirements specified in subclause 6.3.3 of TS 38.101-1 [2] and subclause 6.3.4 of TS 36.101 [4] is applicable only when all NR and E-UTRA carriers are OFF. If both E-UTRA and NR transition between ON and OFF states simultaneously, the longer transient time shall apply to both. If either E-UTRA or NR is OFF and the other carrier transitions from OFF to ON, then the transiet time associated with that carrier applies.
For ULSUP-TDM, the least restrictive requirements in clause 6.5 of [2] and 6.6 of [4] apply during any overlap between the end of the preceding slot (subframe) and the start of the succeeding subframe (slot).
Proposal 1: include a guard period of ±3 s centred at the end of the preceding slot/symbol in the time masks for ULSUP-TDM to make clear the conditions under which these core requirements apply (even without an explicit BS TAE specification). The duration of the guard period corresponds to a collocated case with MRTD = 3 s.
4 Requirements for ULSUP-FDM
There are no requirements for FDM sharing in the current version of the specifications, only band combinations. Just as for TDM, the UL timing in the BS should be aligned to within a fraction of the CP, the CG TA management is independent.
For ULSUP-FDM the UE must be able to transmit LTE and NR simultaneously in a similar fashion as for intra-band contiguous EN-DC. One of the issues then the UE capabililty of managing indendent TA on the two CGs. For EN-DC the capability bit ul-TimingAlignmentEUTRA-NR was introduced to allow the UE follow a single TA loop, which enables implementations with a common FFT/PA. This capability bit can also be used for ULSUP-FDM.
Besides the timing requirements, another issue with ULSUP-FDM is the large back-off requirements for compliance with unwanted emissions (LTE and NR allocations can be non-contigous), comparable to the draconian A-MPR allowance for intra-band contiguous EN-DC. Moreover, receiver requirements for the low-band DL must be modified, cf. the requirements for intra-band contiguous EN-DC.
Proposal 2: consider ULSUP-FDM for variable-duplex FDD bands in a later release.

5 Proposal
The existing UE switch-time masks for ULSUP-TDM are based on the assumption that the downlink timing alignment between the CGs is ideal (0 s). Ideal timing does not exist and the TA control loops are not ideal. The conditions under which the core requirements on the time masks apply should be made clear in the absence of specified BS TAE and UE timing accuracy requirements. 

We make the following

Proposal 1: include a guard period of ±3 s centred at the end of the preceding slot/symbol in the time masks for ULSUP-TDM to make clear the conditions under which these core requirements apply (even without an explicit BS TAE specification). The duration of the guard period corresponds to a collocated case with MRTD = 3 s.
Proposal 2: consider ULSUP-FDM for variable-duplex FDD bands in a later release.

An accompanying CR against 38.101-3 can be found in [3].
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