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1 Background

This contribution is a resubmission of [3] with minor changes.

Timing requirements for the variable-duplex FDD bands and the associated shared UL were proposed in [1] but were not agreed. In this contribution we continue discussing the applicability of the time masks for ULSUP-TDM in the core specification given the existing MRTD requirements. 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. 
We also look at the verification of the time masks in the conformance test specification; it turns out that the transient behavior – if present -- in the slot boundaries of the time mask are not properly verified. Proper verification should include symbol-level EVM requirements at the transitions between the EUTRA and NR.
2 Applicability of UE time masks for ULSUP-TDM
First we reiterate some of the arguments made in [1]. 

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 existing ULSUP-TDM look like in Figure 1 
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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 should 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.

DL timing misalignement between the CGs can lead to overlapping slots (also without TA adjustment) or gaps between slots. 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. i.e. 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 in the time masks 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. 
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. 
3 Specify the UE behavior when slots overlap in the 38.213?
One possibility is to specify a behavior for overlapping slots in the 38.213, e.g. as follows
4.2
Transmission timing adjustments

A UE can be provided a value [image: image6.wmf]offset
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 of a timing advance offset for a serving cell by n-TimingAdvanceOffset for the serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value [image: image7.wmf]offset
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 of the timing advance offset for the serving cell as described in [10, TS 38.133]. 

If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value [image: image8.wmf]offset
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 applies to both carriers. 
Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value [image: image9.wmf]offset
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 that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 

For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates ul-TimingAlignmentEUTRA-NR as 'required' and uplink transmission timing based on timing adjustment indication for a TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous intra-band EN-DC based on timing adjustment indication for a TAG from a serving cell in MCG in the band. The UE is not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even partially, with random access preamble transmitted in another CG.
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 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: image11.wmf]m
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. The start timing of the random access preamble is described in [4, TS 38.211].

In case of random access response, a timing advance command [11, TS 38.321], [image: image12.wmf]A
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 = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of [image: image15.wmf]15
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 is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response.
In other cases, a timing advance command [11, TS 38.321], [image: image18.wmf]A
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If a UE has multiple active UL BWPs, as described in Clause 12, in a same TAG, including UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the largest SCS of the multiple active UL BWPs. The applicable [image: image26.wmf]TA_new

N

 value for an UL BWP with lower SCS may be rounded to align with the timing advance granularity for the UL BWP with the lower SCS while satisfying the timing advance accuracy requirements in [10, TS38.133]. 

Adjustment of an [image: image27.wmf]TA
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 value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing for the TAG by a corresponding amount, respectively.
For a timing advance command received on uplink slot [image: image28.wmf]n

 and for a transmission other than a PUSCH scheduled by a RAR UL grant as described in Clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in Clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot [image: image29.wmf]1
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 is a time duration in msec of [image: image32.wmf]1
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 symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, [image: image33.wmf]T,2
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 is a time duration in msec of [image: image34.wmf]2
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 symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214], [image: image35.wmf]max
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 is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits, [image: image36.wmf]m
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 is the subframe duration of 1 msec. [image: image38.wmf]1
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 are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers. For [image: image40.wmf]0
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 are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG. [image: image44.wmf]max
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 is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and for all configured initial UL BWPs provided by initialUplinkBWP. The uplink slot [image: image45.wmf]n

 is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming [image: image47.png]Trs



, where the PDSCH provides the timing advance command and [image: image49.png]Tora



 is defined in [4, TS 38.211].
If a UE changes an active UL BWP between a time of a timing advance command reception and a time of applying a corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value based on the SCS of the new active UL BWP. If the UE changes an active UL BWP after applying an adjustment for the uplink transmission timing, the UE assumes a same absolute timing advance command value before and after the active UL BWP change.

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 [image: image50.wmf]TA
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 accordingly. 

If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot.
If for a UE indicating ul-SharingEUTRA-NR as ‘tdm’ or ‘both’ and configured with EN-DC and UL sharing by TDM two adjacent E-UTRA and NR slots overlap due to a difference in received transmission timing between E-UTRA and NR sub-frame boundaries or timing advance between E-UTRA and NR, the former slot is completed and the latter slot is reduced in duration.                 
4.3
Timing for secondary cell activation / deactivation

There are also other possibilities, but would not rely on the principle that transmission of a preceding slot is completed before the start before the succeeding slot (e.g. prioritize the EUTRA transmission.
4 But how to verify enhanced time masks?
The applicability of the time mask should be specified in the RAN4 specifications and the UE behaviour in the RAN1 specification, but how to verify the behaviour in the conformance specification? Next we recall the method of verifying the ON/OFF time masks (see [2] for more details).
The method of test in RAN5 for the ON/OFF time mask requirement in 38.101 is to transmit a single slot of PUSCH to measure the ON power and OFF power averaged during 990 us. This is resulting in a very wide allowed range for ON power due to relying on the open loop power control requirement of +/- 9 dB. This fact together with averaging the ON power for a long period of time means that the UE could have a far longer transition time than the allowed 20 us and still safely pass the test. 

6.3.3.2.4.2
Test procedure

1.
SS sends uplink scheduling information via PDCCH DCI format 0_1 with TPC command 0dB for C_RNTI to schedule the UL RMC according to Table 6.3.3.2.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The UL assignment is [FFS].

2.
Measure the UE transmission OFF power during the slot prior to the PUSCH transmission, excluding a transient period of 10 µs in the end of the slot.

3.
Measure the output power of the UE PUSCH transmission during one slot.

4.
Measure the UE transmission OFF power during the slot following the PUSCH transmission, excluding a transient period of 10 µs at the beginning of the slot.
…..

Table 6.3.3.2.5-1: General ON/OFF time mask

	
	SCS 
	Channel bandwidth / minimum output power / measurement bandwidth

	
	[kHz]
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	25

MHz
	30

MHz
	40

MHz
	50

MHz
	60

MHz
	80

MHz
	90

MHz
	100

MHz

	Transmit OFF power
	
	For carrier frequency f ≤ 3.0GHz: ≤ -50+TT dBm

For carrier frequency 3.0GHz < f ≤ 4.2GHz: ≤ -50+TT dBm

	Transmission OFF Measurement bandwidth
	
	4.515
	9.375
	14.235
	19.095
	23.955
	28.815
	38.895
	48.615
	58.35
	78.15
	88.23
	98.31

	Expected Transmission ON
	15
	-9.62±9.0
±TT
	-6.44±9.0

±TT
	-4.62±9.0

±TT
	-3.35±9.0

±TT
	-2.36±9.0

±TT
	-1.56±9.0

±TT
	-0.26±9.0

±TT
	0.71±9.0

±TT
	N/A
	N/A
	N/A
	N/A

	Measured power for CP-OFDM
	30
	-10.18±9.0

±TT
	-6.79±9.0

±TT
	-4.79±9.0

±TT
	-3.51±9.0

±TT
	-2.46±9.0

±TT
	-1.67±9.0

±TT
	-0.34±9.0

±TT
	0.65±9.0

±TT
	1.51±9.0

±TT
	2.77±9.0

±TT
	3.30±9.0

±TT
	3.77±9.0

±TT

	
	60
	N/A
	-7.17±9.0

±TT
	-5.03±9.0

±TT
	-3.78±9.0

±TT
	-2.67±9.0

±TT
	-1.78±9.0

±TT
	-0.50±9.0

±TT
	0.55±9.0

±TT
	1.40±9.0

±TT
	2.71±9.0

±TT
	3.25±9.0

±TT
	3.72±9.0

±TT

	Expected Transmission ON 
	15
	-9.62±9.0

±TT
	-6.61±9.0

±TT
	-4.85±9.0

±TT
	-3.60±9.0

±TT
	-2.53±9.0

±TT
	-1.56±9.0

±TT
	-0.26±9.0

±TT
	0.71±9.0

±TT
	N/A
	N/A
	N/A
	N/A

	Measured power for DFT-s-OFDM
	30
	-10.59±9.0

±TT
	-6.79±9.0

±TT
	-5.03±9.0

±TT
	-3.60±9.0

±TT
	-2.53±9.0

±TT
	-1.84±9.0

±TT
	-0.59±9.0

±TT
	0.48±9.0

±TT
	1.51±9.0

±TT
	2.75±9.0

±TT
	3.21±9.0

±TT
	3.72±9.0

±TT

	
	60
	N/A
	-7.58±9.0

±TT
	-5.03±9.0

±TT
	-3.78±9.0

±TT
	-2.81±9.0

±TT
	-2.02±9.0

±TT
	-0.59±9.0

±TT
	0.48±9.0

±TT
	1.17±9.0

±TT
	2.42±9.0

±TT
	3.21±9.0

±TT
	3.72±9.0

±TT

	NOTE 1:
TT for each frequency and channel bandwidth is specified in Table 6.3.3.2.5-2


This problem is visualized by a hypothetic UE that has a linear ramping in Watts between OFF power (-50 dBm / 10 pW) and ON power (-3.7 dBm / 0.55 mW) during 200 us, and the ON power after transition is correct with 0 dB open loop power control error, the offset in average ON power due to this non-conformant ramping is only 1 dB, meaning the UE will still PASS even if its ramping is 20 times worse than the minimum requirement. 
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Figure 3: Hypothetical non-conformant UE ramping between -50 dBm OFF power and -3.7 dBm ON power during 200 us. Impact on ON power due to ramping is 0.9 dB

The device behaviour in Figure 3 would pass the ON/OFF requirement but would most likely fail EVM requirements for the higher MCS. Symbol-level EVM requirements around the slot boundaries could make the verification of the mask more meaningful.
Observation 1: the time-mask requirements in the conformance specifications do not properly verify the transient behaviour.
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