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1.
Introduction
WID for FR2 enhancements was approved and it contains objective for “FR2 UE requirements for inter-band DL CA” [2]. Work for inter-band CA started in RAN4#92 and WF was agreed [3].  WF touched three topics which all are related by the UEs ability for independent operation in both bands:

UE requirements will be applicable under moderate power imbalance, exact number is FFS

Companies are encouraged to study feasibility of existing 8 usec time difference requirement of the received symbols

For FR2 inter-band downlink CA (28 + 39 GHz), requirement derivation for spherical coverage assumption shall be studied in the next meeting. (e.g. whether UE is capable for forming beam towards the same directions and different directions which on both bands simultaneously)   

Impact of different directions only to multiband relaxations shall be part of study

In this paper we continue the discussion we started in [4] and make proposals for assumptions how to derive requirements.  
2. 
Discussion
2.1
Assumptions impacting spherical coverage 
In [4] we discussed about UE’s ability for concurrent operation on both bands on same and different antenna modules. We discussed about the challenges in network design and testability if concurrent spherical coverage of two bands is not large enough. UE support options are as shown in Table 1.
Table 1 UE implementation types for supporting different bands concurrently in inter-band ca on antenna modules
	UE Type
	UE’s ability to support bands in inter-band CA
	Supported deployment options1
	Concurrent Spherical coverage
	Complexity
	Note

	Type A
	Separate modules only
	Non-co-located
	Poor
	Low
	Assumption is that each module will support all bands but not concurrently

	Type B1
	All modules concurrently for both bands


	Co-located
	Good
	High
	

	Type B2
	All and separate modules concurrently

(one module at a time)
	Both co-located and non-co-located
	Best
	Highest
	

	NOTE 1:   Assuming line of sight connection. If reflections are considered, deployment can not be coupled with UE implementation type


Type B2 is the one with most complexity and it provides wit most flexibility. Inter-band CA on FR2 is complex as it is so it may look meaningful to choose Type B2 but before we propose that other parameters need to be discussed.  
2.2
Assumptions impacting UE’s ability to tolerate power imbalance
In FR1 inter-band CA, the antennas and receivers are assumed independent. For example, unless section 7.3A of 38.101-1 or 36.101 specifies exceptions, it is assumed that band A will meet reference sensitivity when band B is meeting max input level concurrently in CA_A-B configuration. With FR2, the testing is done OTA and antenna and related HW is shared or at least isolation is very low even if HW is not shared. This causes restrictions on power imbalance for two cases, high SNR case and reference sensitivity case since the other band is a blocker for the other. Current ACS and IBB specifications are the only one defining UE ability to tolerate aggressors and own signal to aggressor difference is 21.5 dB in the test case even the ACS is spec is 23 dB. Assuming no restrictions similarly to LTE is case will not work. However, for LTE, no test case with power imbalance exists. 
Observation 1: FR2 UE’s ability to receive both bands with large power difference is limited 
For the discussion on UE reference architecture type (in Table 1) the power imbalance problem exists when same antenna module is used to receive both bands. If bands are received with different modules in line of sight situation in non-co-located deployment or if the other band arrives UE after a reflection and the other through line of sight (LOS), UE is likely to receive bands with different modules.  
Observation 2: If UE uses different modules for receiving different bands in inter-band ca configuration, power imbalance limitation is less severe than when using same antenna module for both bands
If we assume base station power is roughly the same, power imbalance of the arrived waves is mainly due to difference of pathloss in non-co-located scenario or difference between LOS wave and the reflected wave. In this way Type B2 UE can support co-located and non-co-located deployments without much restrictions. The limitations should be understood and accounted in the requirement and test development. 
Proposal 1: For same AoA test cases, power difference of the arrived signals on different bands in inter-band ca configuration is small
2.3
MTRD 

Received time difference of the incoming waves is currently specified to be 8 usec in 38.133 for inter-band ca. It is peculiar that this requirement was written even inter-band ca for FR2 was not in the scope of Rel-15. Similarly, to power imbalance issue, if UE uses shared HW meeting received time different greater than ½ CP is difficult. 
One of the sources for this requirement is the BS timing accuracy of 3 usec. One alternative to handle this is to define different requirements for co-located and non-co-located deployments and that would translate to different requirements when UE is receiving with same or different antenna modules. It is likely that base stations that are co-located can control the time difference more accurately than the ones that are not at the same location. 

Currently there is no test to very UE ability to deal with MRTD specifically and in OTA environment it maybe difficult. Whether UE has to implement to support this MRTD or not is unclear since it is not tested. 

Proposal 2: One of the options below is approved

A) MRTD for inter-band ca is defined same as intra-band CA (0.26 usec) 
B) A test to verify MTRD is developed

Conclusion
We discussed implementation challenges in intra-band ca for FR2 and made following observations:
Observation 1: FR2 UE’s ability to receive both bands with large power difference is limited 
Observation 2: If UE uses different modules for receiving different bands in inter-band ca configuration, power imbalance limitation is less severe than when using same antenna module for both bands
And we made following proposals:

Proposal 1: For same AoA test cases, power difference of the arrived signals on different bands in inter-band ca configuration is small
Proposal 2: One of the options below is approved

A) MRTD for inter-band ca is defined same as intra-band CA (0.26 usec) 
B) A test to verify MTRD is developed
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