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	Introduction
[bookmark: _GoBack]In this contribution, we provide our views on MRTD requirement for FR2 inter-band CA and RRM requirements for CBM UEs. 
	Discussion
In RAN4#98-e, RAN4 RRM session agreed that deployment assumptions and band pair assumption should follow the RF session conclusion/agreements. In last meeting RF session agreed [2] on the following.
Definition of CBM: A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.
Network deployment restrictions for CBM
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs. 
· UE RF requirements for CBM shall be derived based on co-located deployment scenario only.

Band pair assumptions:
· Define UE requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for common beam management (CBM) based on requested band combinations.
Based on the above agreements in RF session we provide our views on MRTD for CBM in subsequent section. 
	MRTD value for Common Beam Management
As per RF session agreement though both co-located and non-co-located are possible for CBM, UE RF requirements are agreed to be defined by assuming co-located deployment scenario only. Since RF session only assuming co-located scenario for requirements definition, we feel that RRM session can follow similar approach.
Proposal 1: RRM requirement for CBM are derived based on co-located deployment scenarios only. 
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.
RF session further agreed that UE requirements for inter-band CA are defined within the same freq. group (e.g. 28GHz + 28GHz) for CBM. 
By assuming co-located deployment and bands within the same frequency group, we can assume that propagation delay difference may be close to zero, and to further simplify the discussion we can assume that propagation delay difference to be zero. 
From TS 38.104, BS TAE is 3us for intra-band non-continuous and inter-band CA in Rel-15. Since the value of BS TAE is derived considering deployment scenarios in Rel-15, in our view, we should follow the same value for Rel-17 also because operators may be using same deployments to use the Rel-17 features too. Therefore MRTD for inter-band FR2 CA co-located deployment can be assumed as 3µs
Proposal 2: RAN4 to agree that MRTD is 3us for an UE which is capable of CBM.
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. 
One more issue discussed in last meeting was whether RAN4 can assume symbol level alignment within CP length. Based on the above discussion by assuming different RF chains for different bands, UE can decode data successfully till the MRTD is 3us. Therefore our understanding is there is no need for the assumption of symbol level within the CP length.

Proposal 3: RAN4 to agree that symbol level alignment should be within MRTD value (3us) and not within the CP length.  

	RX beam switch during CBM
As per the CBM definition, “UE DL Rx beam(s) for all CCs in all configured bands are selected based on DL measurements made in the only CC configured with the reference signal (RS) for beam management”. Since only one CC is configured with RS for beam management, RX beam switching has to happen based on the measurements on the CC configured with beam management RS.
Proposal 4: RAN4 to agree that RX beam switch (measurements) should be based on CC configured with beam management RS.
As discussed in Rel-16, one problem due to MRTD value greater than CP may arise 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
 
Let us consider FR2 inter-band CA between band X and band Y of same freq. group (e.g. 28GHz + 28GHz). As shown in figure 1, let us assume UE decided to switch Rx beam 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 (for SSB), CP length is 0.29us. Since UE can switch within CP length, we can assume Rx beam switch time shall be less than 290ns. Though RAN4 discussing this issue for many meetings, RAN4 did not discuss about the value of RX beam switch delay to quantify the performance degradation. In our view, UE can switch RX beam in less than half of CP length of 240 kHz SCS.
Proposal 5: RAN4 to agree on the RX beam switch value to be 150ns. 
If the RX beam switch is planned properly, the performance degradation on other CC can be avoided. Since it is assumed that MRTD is 3us for CBM, when UE start receiving on DL CC after switching from UL transmission, there is a chance that other CCs are not received within 150 ns as MRTD is 3us. If UE can start DL (next UL to DL transition after UE decided to perform RX beam switch) with RX beam switch, then UE can avoid performance degradation on other CCs to the most extent. 
If UE switch RX beam at a start of UL to DL transition, performance degradation can be minimized or avoided. Though RX beam switch is UE implementation dependent, UE can still perform RX beam switch without any performance degradation or minimal performance degradation.  
Proposal 6: RAN4 to agree that UE can switch RX beams (for example if it can switch during start of UL to DL transition) without major performance degradation.
Moreover, as the co-location deployment is assumed for requirements definition, 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 3us is feasible from UE side without major performance degradation. 
	RRM Requirements for CBM UEs 
Scheduling restriction
In last meeting following options are agreed in the WF [1].
· Option 1: To apply an agreement from RAN4 #94-bis-e: (Intel, MTK, LG, QC, Huawei, Intel)
· “The scheduling availability requirements for FR2 inter-band CA scenario shall be introduced to clarify there is scheduling restriction on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band if UE uses common beam.
· The existing scheduling restriction requirements on FR2 shall be extended to serving cells in different bands.”
· Option 2: The existing scheduling/measurement restriction requirements applied for FR2 intra-band CA need to be extended to FR2 inter-band CA with CBM type UE. (Huawei, Xiaomi, E///, Nokia)
· Option 3: Need more discussion (Xiaomi, OPPO, Apple, NEC)

From the RF session agreement of CBM definition “only one CC is configured with RS for beam management” and “UE requirements for inter-band CA are defined within the same freq. group (e.g. 28GHz + 28GHz) for CBM”, our understanding is there is no need to define scheduling restriction on other bands due to measurements performed on one band (on one CC) as there may not be any need for RF to switch to perform measurements. 
Proposal 7: RAN4 to agree that there is no need to introduce scheduling restrictions on other bands due to measurements performed on one band. 
Measurement restrictions
In last meeting following options are agreed in the WF [1].
·   Option 1: To apply an agreement from RAN4 #95-e: (Intel, LG, QC, Intel)
· “For CBM UEs in FR2 inter-band CA, the existing measurement restriction requirements for FR2 is applied for the RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands.”
· Option 2: For CBM UEs the measurement restriction applies when the SSB for RLM, BFD, CBD or L1- RSRP measurement on one band is in the same OFDM symbol as the CSI-RS for RLM, BFD, CBD or L1- RSRP measurement on another band (Intel)
· Option 2a: For CBM UEs the measurement restriction applies when the SSB for RLM, BFD, CBD or L1- RSRP measurement on one band is in the same OFDM symbols overlapping with the CSI-RS for RLM, BFD, CBD or L1- RSRP measurement on another band (MTK, LG)
· Option 3: The existing scheduling/measurement restriction requirements applied for FR2 intra-band CA need to be extended to FR2 inter-band CA with CBM type UE (Huawei, E///, Nokia)
· Option 4: More discussion is needed. (Xiaomi, OPPO, Apple, NEC)

From the RF session agreement of CBM definition “only one CC is configured with beam management RS” and “UE requirements for inter-band CA are defined within the same freq. group (e.g. 28GHz + 28GHz) for CBM”, our understanding is there is no need to define any measurement restriction on other bands as there are no measurements are configured on other bands. 
Proposal 8: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
SCell activation delay requirements
Since only one CC is assumed to be configured with RS for beam management for UE operating with CBM in FR2 inter-band CA, and due to assumption of co-location deployment for requirements, SCell activation for inter-band CA with CBM operation can be seen as SCell activation without SSB in FR2. Therefore we can reuse FR2 SCell without SSB requirements. From TS 38.133, FR2 SCell requirements without SSB is given by 3ms.
Based on this assumption we make following proposal.
Proposal 9: SCell activation delay for CBM operation in FR2 inter-band DL CA is 3ms.
	Conclusion
In this contribution we have discussed MRTD value for FR2 inter-band DL CA for CBM and discussed RRM requirements for CBM in FR2 inter-band CA and made the following proposals:
Proposal 1: RRM requirement for CBM are derived based on co-located deployment scenarios only. 
Proposal 2: RAN4 to agree that MRTD is 3us for an UE which is capable of CBM.
Proposal 3: RAN4 to agree that symbol level alignment should be within MRTD value (3us) and not within the CP length.  

Proposal 4: RAN4 to agree that RX beam switch (measurements) should be based on CC configured with beam management RS.
Proposal 5: RAN4 to agree on the RX beam switch value to be 150ns. 
Proposal 6: RAN4 to agree that UE can switch RX beams (for example if it can switch during start of UL to DL transition) without major performance degradation.
Proposal 7: RAN4 to agree that there is no need to introduce scheduling restrictions on other bands due to measurements performed on one band. 
Proposal 8: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
Proposal 9: SCell activation delay for CBM operation of FR2 inter-band DL CA is 3ms.
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