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Introduction
In last meeting (RAN4#95-e), MRTD value for common and independent beam management are discussed without reaching any consensus. In this contribution, we provide our views on MRTD requirement for FR2 inter-band CA. 
Discussion
RAN4 was discussing MRTD for Common Beam Management (CBM) and Independent Beam Management (IBM) for FR2 inter-band CA for few meetings. In last meeting it was agreed to use existing MRTD value for IBM and there was no agreement yet on MRTD value for CBM. In the next sections we provide our views on MRTD for CBM and IBM.
MRTD value for Common Beam Management
In last meeting following WF is agreed for MRTD for CBM.
· On MRTD for CBM 
· Option 1:
· At least 260ns MRTD is feasible for CBM from UE perspective
· Further study feasibility to support up to 3us MRTD under assumption of co-located deployment in terms of impact on performance (e.g. possible scheduling restrictions)
· E.g. potential performance degradation and other WG impact due to MRTD larger than a threshold (e.g. 260ns) should be studied
· It is FFS the study should be done within Rel-16 timeframe or in Rel-17
· Option 2:
· Do not define CBM RRM requirements in Rel-16 if no consensus can be made by [RAN4#95e or RAN4#96e]


To analyze MRTD value for CBM, we assume co-located deployment for FR2 inter-band CA.
MRTD value can consist of BS timing alignment error (BS TAE) and Propagation delay difference between carriers. MRTD can be represented by MRTD= BS TAE + Propagation delay difference
Though co-location deployment is assumed for inter-band FR2 CA, due to different propagation characteristics of different bands, there may be non-zero propagation delay difference. Since we are not discussing it for a particular band pair, it can be generalized without focus on actual value, we can represented it as ≥0. 
From TS 38.104, BS TAE is 3us for intra-band non-continuous and inter-band CA in Rel-15. Therefore MRTD for inter-band FR2 CA co-located deployment can be assumed as ≥3µs
As we can observe MRTD value of ≥3µs is greater than cyclic prefix (CP) length for FR2. Though this MRTD value is greater than CP in FR2, for FR2 inter-band CA, we can assume that different RF chains are available for each band, and baseband can handle the MRTD value of greater than 3us and combine signals at baseband, thereby enabling successful decoding of data at this MRTD value. However, main problem due to large MRTD value (of greater than CP) may come during UE RX beam switch. We analyze the effect of large MRTD value using figure 1.
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Figure 1: Impact of UE Rx beam switching in FR2 inter-band CA
 
Before going to further analysis we should remember that RX beam switch can happen very quickly and UE changes beam within CP length. 
Let us assume FR2 inter-band CA between band X and band Y. As shown in figure 1, let us assume UE decided to switch Rx beam switch at n+1 OFDM symbol. As we know beam switch happen in CP duration, UE switches Rx beam at CP of n+1 OFDM symbol (of band X signal). However due to large MRTD value, UE will be still receiving nth OFDM symbol on band Y. Since CBM is assumed (common beam direction), due to beam switch, some portion of nth OFDM symbol (for Rx beam switch duration) on band Y may not be received at UE.  Which may result in performance degradation. However, before going to quantify performance degradation, let us look at portion of OFDM symbol which was not received on band Y due to beam switch.
For sub carrier spacing (SCS) of 240 kHz, CP length is 0.29us. Since UE can switch within CP length, we can assume Rx beam switch time shall be less than 290ns, which may be around 250ns. Since UE may miss samples for 250ns on band Y, there may be performance degradation for one OFDM symbol on band Y at least for higher SCS value. 
As the co-location deployment is assumed, Rx beam switch may not be a very frequent phenomenon for FR2 inter-band CA. If it is not frequent then performance degradation may also not be significant. Hence, in our understanding MRTD of at least 3us is feasible from UE side by allowing performance degradation of 1 OFDM symbol. Please note that this is a crude estimation and RAN4 may further look at algorithms which can help mitigate performance degradation for FR2 inter-band CA when using CBM. 
Before making proposals for CBM we revisit the agreement made for IBM and analyze the MRTD clarification required in the specification in next section and thereby make proposals at the end.
Clarification in specification for MRTD value for IBM and CBM
Following WF is agreed in last meeting for IBM.
On MRTD for IBM: 
· Keep existing requirement, i.e. 8us, unchanged
· Revision of  Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation in TS38.133 for both R15 and R16 
· Option 1: clarify 8us MRTD only applies to IBM. (CR from Apple)
· That means new MRTD should be specified for CBM
· Option 2: clarify new MRTD, if introduced, only applies to CBM
· MRTD = 8 µs, but an MRTD = 3 µs is applicable for UE which is only capable of common beam management for a band combination where common beam management is possible. The UE may, assume collocated site, in this case (CR R4-2007096). 
· Proponent of this option still needs to clarify the applicability of MRTD=8us, e.g. to IBM only or both IBM and CBM

In last meeting it was agreed to keep the existing MRTD requirement of 8us unchanged for IBM. However it was not clear whether existing MRTD value in Table 7.6.4-2 of TS 38.133 is applicable for IBM and CBM or only for IBM and new value for CBM is introduced. 
As we analyzed in previous section, at least 3us MRTD can be supported by UE for inter-band FR2 CA. The question is can we assume 3us for all CBM cases? Technically speaking, in our understanding answer is no for the following reason. If a UE is capable of IBM, that means UE is capable of handling 8us MRTD from the last meeting agreement. In our understanding if a UE is able to support 8us MRTD value, it means UE baseband can handle delay of 8us between two streams of samples from different RF chains. Since UE can handle 8us for IBM, if same UE supports CBM, then it should be able to handle same 8us MRTD for CBM as well, as it is baseband capability and baseband algorithm can be assumed same for IBM or CBM. However as discussed in last section, there may be performance degradation during RX beam switching for CBM. 
Though UE can support 8us MRTD value for CBM, the question is, is it required for the UE to support 8us MRTD for all practical deployment scenarios.  According to our understanding, the answer to this question is NO as RAN4 assumption for CBM is co-located deployment and propagation delay difference may not high. 
Summary 
We analysed MRTD requirement for FR2 inter-band CA for CBM and IBM in previous sections and make following proposals from CBM and IBM.
Proposal 1: RAN4 to introduce new MRTD of 3us for an UE which is only capable of CBM.
Proposal 2: RAN4 to agree that MRTD value for a UE which supports both IBM and CBM is 8us for IBM and 3us for CBM.  
Proposal 3: RAN4 to agree that performance degradation of upto 1 OFDM symbol is allowed for UE operating in CBM during RX beam switch.
Proposal 4: RAN4 should further study scheduling restriction/performance degradation in Rel-17.  
   
1. Conclusion
In this contribution we have discussed MRTD requirements for FR2 inter-band DL CA for independent beam management, common beam management and made the following proposals:
Proposal 1: RAN4 to introduce new MRTD of 3us for an UE which is only capable of CBM.
Proposal 2: RAN4 to agree that MRTD value for a UE which supports both IBM and CBM is 8us for IBM and 3us for CBM. 
Proposal 3: RAN4 to agree that performance degradation of upto 1 OFDM symbol is allowed for UE operating in CBM during RX beam switch.
Proposal 4: RAN4 should further study scheduling restriction/performance degradation in Rel-17.  
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