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1	Introduction
In this contribution ,we provide our futher views on MRTD requirements for FR2 inter-band DL CA.

2 Discussions
In RAN4 98bis-e, MRTD requirements for inter-band DL CA in FR2 had been discussed and some agreements were achieved. 
Agreements (in GTW):
Candidate options
Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA
Option 2: Introduce UE capability to support MRTD = 260ns and MRTD = 3us 
Option 3: MRTD = 260ns 
Option 4: MRTD = 3us
Other options are not precluded
Note 1: Decision shall be made in RAN4 #99-e
Note 2: Companies are encouraged to bring further analysis on achievable MRTD from the network and UE perspectives and the possible impact on the implementation and performance

The issue related to MRTD value “How to derive MRTD for FR2 inter-band CA?” was also discussed and the following options were listed:
Option 1: MRTD = TAE + Δ_propagation_time (Ericsson, NEC, Nokia, Huawei, Docomo)
Option 1a: Any change in MRTD should not impact already defined BS TAE of 3 μs for FR2 inter-band CA; i.e. keep Rel-15 values for BS TAE unchanged. 
Option 2: MRTD requirements for CBM UEs should not rely on FR2 inter-band TAE requirement as it was defined for Non-co-located deployments. (Intel, Qualcomm, LG, MTK, OPPO, Apple, Xiaomi, vivo)
Option 2a: The requirement shall be based on “BS type 1-0” for which TAE requirement is 260ns (Qualcomm)

Based on the former discussion, MRTD value is related to TAE and Δ_propagation_time. Propagation delay difference between serving cells depends on network deployment. When considering co-located deployment for inter-band DL CA, CCs may go through the same channel conditions, thus the propagation delay difference between CCs will not impact the MRTD value much.  
As for TAE, Although Option 2 states that“MRTD requirements for CBM UEs should not rely on FR2 inter-band TAE requirement as it was defined for Non-co-located deployments”, option 2a proposes another TAE requirement to be considered.
[bookmark: _Toc21127657][bookmark: _Toc37260340][bookmark: _Toc36817418][bookmark: _Toc37267728][bookmark: _Toc29811866][bookmark: _Toc44712331][bookmark: _Toc45893644]From TS 38.104 9.6.3 OTA time alignment error,the Minimum requirement for BS type 1-O are:
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.
The Minimum requirement for BS type 2-O are:
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.

TAE is defined as 3µs for BS type 1-O and BS type 2-O for inter-band CA case. This value has been applied in the current network deployment configuration. From the design of a robust network perspective, it is suggested to maintain a 3µs TAE to meet both the collocated and non-collocated case requirement.
Observation 1: TAE is defined as 3µs for BS type 1-O and BS type 2-O for inter-band CA case.

TAE performance depends on the timing module design. Considering the expensive cost for cable connected timing schemes in dense urban region, satellite timing has been widely used in the current network. The timing module in RRU is shown in Figure 1 where both GPS timing signal and local oscillator are configured. Local oscillator works as backup reference clock once GPS timing signal is lost. 
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Figure 1 timing module in RRU

Considering two cases of timing modules for CCs, see Figure 2. 
Case A: individual CCs share the same baseband processor unit and the same AAU.
Case B: individual CCs use different AAU with individual Timing module.
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Figure 2  timing module for CCs
For case A, timing alignment error between CCs could be limited. However, this case is dependent on the operator’s deployment. Normally, operators will plan to deploy NR service in one carrier at the beginning and in another non-contiguous carrier later on. Different bands are deployed at different periods, so it is difficult to guarantee the use of a common timing module for different CCs in different bands. Thus it’s impossible that different CCs share the same baseband processor unit and the same AAU. 
Observation 2 : For case A, the TAE performance between CCs could be limited. However, this case is dependent on the operator’s deployment. Different bands are deployed at different periods, so it is difficult to guarantee the use of a common timing module for different CCs in different bands.
Case B is a more common deployment case for different CCs in different bands. If GPS signal for CC#0 is lost, since local oscillator performance is much worse than GPS signal, timing error between local oscillator for CC#0 and GPS signal for CC#1 could be around 1.5µs generally. So the worst scenario where GPS signals in both AAU are lost, the TAE performance between different CCs should be around 3µs. 
Observation 3: For case B, if GPS signal for both NR AAU is lost, the TAE performance between individual CCs is around 3µs. 
TAE for inter-band CCs is at around 3µs due to the timing modules applied for different CCs are independent with each other. Thus the MRTD for inter-band CA should be at least 3µs.
Proposal 1: Take option 4, i.e.,define in Rel 17 MRTD for inter-band FR2 CA for CBM as 3 µs.
3 Conclusion
Observation 1: TAE is defined as 3µs for BS type 1-O and BS type 2-O for inter-band CA case.
Observation 2 : For case A, the TAE performance between CCs could be limited. However, this case is dependent on the operator’s deployment. Different bands are deployed at different periods, so it is difficult to guarantee the use of a common timing module for different CCs in different bands.
Observation 3: For case B, if GPS signal for both NR AAU is lost, the TAE performance between individual CCs is around 3µs. 
Proposal 1: Take option 4, i.e.,define in Rel 17 MRTD for inter-band FR2 CA for CBM as 3 µs.
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