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1. Introduction
In the RAN4#90 meeting, there were discussions on MRTD measurement for non-contiguous CA. In [1] it was proposed to change MRTD requirements for non-contiguous CA to 260ns for FR1 and 130ns for FR2 because the Tx/Rx switching time for intra-band CA is between cells rather than per cell. There were also separated discussions on MRTD requirements for FR2 non-contiguous CA due to issue when UE is doing Rx beam switch, which also proposed to reduce MRTD requirements. In the RAN4#90bis meeting, there were further discussions [2, 3] on MRTD for intra-band non-contiguous CA but still no agreements were reached.
In this contribution we further provide our views on MRTD measurement requirements due to UE TX/RX switching time between cells for Non-contiguous CA in NR.
2. Discussion

The maximum allowed UE transition time for TDD intra-band CA are specified in section 7.8 in TS 38.133. The requirements are as follows.
	A UE is not expected to transmit in the uplink to a cell earlier than 
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 after the end of the last received downlink symbol from the any cell in the same TDD band where 
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 is given by Table 4.3.2-3 in TS 38.211 [6].

A UE is not expected to receive in the downlink from a cell earlier than 
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 after the end of the last transmitted uplink symbol toward any cell in the same TDD band where 
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 is given by Table 4.3.2-3 in TS 38.211 [6].


For Non-contiguous CA single RF chain implantation may not always be feasible but it is still desirable to keep the possibility and leave it to UE implementation. There may be implementation that RF chain is shared among CCs. In this case in order for UE to have enough Rx/Tx switching time, the requirements between cells for intra-band TDD CA were introduced.
With this requirement there may be impact on guard period which in turn degrade system performance, or cell coverage may be reduced if guard period is unchanged according to analysis in [1]. This may not be true if we further look into the impact of the requirements as depicted in Figure 1.
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Figure 1. UE transmission/reception of intra-band TDD CA
In Figure 1 it is assumed that UE receives CC2 later than CC1 due to TAE at gNB side for co-located scenario. The maximum time difference Td is defined by MRTD which is 3us for Non-contiguous CA. It can be seen from figure 1 the TD2U for CC1 is reduced by Td due to receive time difference. It can also be seen from figure 1 the TU2D for CC1 is reduced by Td due to receive time difference. If transmission time on CC1 is changed from T1 to T2 then reception time on CC1 will be changed from T3 to T4. Consequently the overall guard period for CC1 would be increased by Td. It is noted that intra-band TDD frame pattern would be the same. 
The above analysis is based on the worst case that configured GP only allows TD2U is exactly the same as NRx-Tx and TU2D is exactly the same as NTx-Rx.  In other words if configured GP is longer enough then transmission and reception time on CC1 will not be changed. For example if TD2U is longer than NRx-Tx + Td, then UE can still transmit at time instant T1. With this the UE transition time requirements for intra-band CA will have no impact at all.

In 38.211 the UE Tx/Rx switching time is as in Table 1. The transition time from Tx to Rx and vice versa is the same. It is 13us for FR1 and 7us for FR2. 
Table 1: Transition time [image: image7.png]
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	Transition time
	FR1
	FR2
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	25600
	13792
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	13792


The MRTD is 3us so the maximum Td is 3us.
The guard period at least should cover UE Rx-Tx transition time, Tx-Rx transition time and Round trip time (RTT). The worst case (guard period is the shortest) is there is no round trip time which is the case that UE is at the cell center. With RTT as 0 the required minimum guard period is 26us for FR1 and 14us for FR2.
The guard period is configured in symbol granularity. The configurable minimum guard period is 1 symbol. The minimum guard period in FR1 for normal operation without considering UE transition time between cells is in Table 2.
Table 2. Minimum guard period for different SCS in FR1
	Frequency range
	 SCS
	symbol duration (us)
	GP symbols
	GP (us)

	FR1
	15KHz
	71.35
	1
	71.35

	
	30KHz
	35.68
	1
	35.68

	
	60KHz
	17.84
	2
	35.68


It can be seen in Table 2 the minimum guard period in FR1 is 35.68us.
In order that UE transition time between cells will have no impact to system performance, the minimum required guard period would be 29us (13us+13us+3us) for FR1. It is obvious that GP in real network satisfy the condition with 3us MRTD, so it seems there is no need to reduce the MRTD requirements for intra-band NC CA in FR1.
The minimum guard period in FR2 for normal operation without considering UE transition time between cells is in Table 3.
Table 3. Minimum guard period for different SCS in FR2
	Frequency range
	 SCS
	symbol duration (us)
	GP symbols
	GP (us)

	FR2
	60KHz
	17.84
	1
	17.84

	
	120KHz
	8.92
	2
	17.84


It can be seen in Table 3 the minimum guard period in FR2 is 17.84us.

In order that UE transition time between cells will have no impact to system performance, the minimum required guard period would be 17us (7us+7us+3us) for FR2. It is obvious that GP in real network satisfy the condition with 3us MRTD, so it seems there is no need to reduce the MRTD requirements for intra-band NC CA in FR2 either.

However there is other restrictions on TU2D that it should be TA+ TAoffset. The worst cases is TA = 0 that means UE is at the center of cell. So the longest time for UE transition time is TAoffset which is 13us for FR1 and 7us for FR2. The UE transition time is also 13us for FR1 and 7us for FR2. With 3us MRTD for non-contiguous CA the transition time is not enough as it is the transition time between cells even if redundant GP is configured. When TA > 3us, i.e. the UE is 900m away from the cell center, the transition time for non-contiguous CA will be guaranteed. Therefore the issue only happens when TA is less than 3us.
Observation 1. The UE requirements for Tx-RX transition time between cells bring problems for UEs with TA < 3us.
Three options to solve the problem were proposed in [1].
Option 1 is to reduce the UE Tx-Rx and Rx-Tx transition time. As being discussed in [1] it may not be practical since product development has been already in process. 
Option 2 is to increase NTA-offset by 3us. This may increase the guard period for all UEs when an extra symbol has to be added to cover the increased timing advance. Since the guard period is configured in symbol granularity there is always part of the guard period that is not used. Even for 120kHz SCS adding 1 symbol for guard period means the coverage is increased by almost 2.7km. All UEs within 2.7km coverage are configured with same guard period. Therefore 3us is not a big issue. However increasing NTA-offset is not preferable. 
Option 3 is to tighten BS TAE requirements, e.g. BS TAE requirements is tightened from 3us to 260ns in FR1 and 130ns in FR2. Since it requires ideal synchronization to guarantee the UE transition time for NC CA, tightening the BS TAE requirements cannot fully solve the problem. It has to rely on the implementation of practical UE that its transition time is less than 260ns. To certain extent this may make sense. But from standardization point of view the problem is still not fixed. On the other hand since UE Tx-Rx and Rx-Tx transition time is derived from NTA-offset in which 3us cell phase synchronization error is included. The UE On-off time is 3us less than UE transition time. It is not clear why transition time is longer than on-off time. So in reality the UE Tx-Rx and Rx-Tx transition time may be also 3us better than requirements of UE transition time.
There is another possible option to solve the problem. Option 4 is to leave it to network implementation. The basic idea is to add extra 3us to TA when the UE is operation under non-contiguous CA. This avoid adding extra 3us to all the scenarios by increasing NTA-offset even when no NC CA is configured. Furthermore network can reduce the extra TA depending on actual network synchronization and actual UE transition time if possible. Since guard period is configured in symbol granularity it should be no big issue.
Observation 2. The problem due to UE requirements for Tx-RX transition time between cells can be solved by network implementation.

Based on above analysis, following proposals are present. 
Proposal 1. MRTD requirements for intra-band Non-contiguous CA in FR1 is 3us.

Since there are other issues in FR2, e.g. Rx beam switch, AGC/LNA adjustment, the MRTD requirements in FR2 need further discussion. But the MRTD requirements for intra-band non-contiguous CA in FR2 should not be tightened due to UE Tx-Rx transition time between cells as it can be handled by network implementation.
Proposal 2. MRTD requirements for intra-band Non-contiguous CA in FR2 is not tightened due to requirements for UE Tx-Rx transition time cells. 

On the other hand, the maximum allowed UE transition time for TDD intra-band CA are specified in section 7.8 is incompatible with 3GPP specification as indicated in [1] and [2]. It is better to remove this requirement. 
The UE RX-TX and TX-RX transition time is 13us for FR1 and 7us for FR2 as specified in TS 38.211 Table 4.3.2-3. This is UE transition time that can be used by UE as 3us cell phase synchronization accuracy is also included. The actual transition time is ON-OFF and OFF-ON transient period. It is 10us for FR1 and 5us for FR2 as specified in 38.101-1. Therefore even with 3us BS TAE requirements there is enough time for UE RX-TX and TX-RX transition. Furthermore in reality the BS TAE would be much better and UE transition time would be shorter. It is not necessary to have this incompatible requirements.
Proposal 3. Remove requirements in section 7.8 for Maximum Allowed UE Transition Times for TDD Intra-band Carrier Aggregation.
3. Conclusion

In this contribution, we further provide our views on MRTD measurement requirements due to UE TX/RX switching time between cells for Non-contiguous CA in NR. Based on the observations following proposals are present. 
Observation 1. The UE requirements for Tx-RX transition time between cells bring problems for UEs with TA < 3us.

Observation 2. The problem due to UE requirements for Tx-RX transition time between cells can be solved by network implementation.

Proposal 1. MRTD requirements for intra-band Non-contiguous CA in FR1 is 3us.
Proposal 2. MRTD requirements for intra-band Non-contiguous CA in FR2 is not tightened due to requirements for UE Tx-Rx transition time cells. 

Proposal 3. Remove requirements in section 7.8 for Maximum Allowed UE Transition Times for TDD Intra-band Carrier Aggregation.
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