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1. Introduction
RAN4#93 agreed that PSD difference shall be considered in the conformance test configuration for 28GHz + 40GHz FR2 inter band DL CA [1]. RAN4#94-e discussed further the feasibility and testability of PSD difference. This paper shows our views about the PSD imbalance requirements for co-located and non-co-located BS deployment assumption, and how to specify the requirements.
2. Discussion
2.1 PSD difference value for co-located and non-co-located BS deployment scenario
#Except from approved WF [1]:
[image: ]
RAN4#93 agreed that TBD dB of PSD difference requirement between a 28GHz band and a 40GHz band shall be considered in the conformance test configuration. The above content was captured in the approved WF [1]. Here we discuss the necessity and feasibility of implementation, and testability perspective for PSD difference requirement for FR2 inter-band DL CA 28GHz + 40GHz.
Necessity:
As discussed in [2], in order to decide the values of PSD difference in conformance testing, the BS deployment assumption of co-located or non-co-located deployment is an important factor since the power of DL signals from non-co-located BSs would be larger due to the difference of the propagation loss. Firstly, even for co-located deployment, the PSD difference might be large in mmWave operation. It was reported that if the antenna panels of UE for 28GHz and 40GHz are co-located and share the same hardware, the mismatch of the beam direction of 28GHz and 40GHz might occur [3]. Therefore, even if the BSs are co-located and the power of DL on 28GHz and 40GHz are in the same level where the UE exists, the PSD difference might occur due to the mismatch of the Rx beam direction. In addition, another analysis [4] mentioned that 50% CDF %-tile of RSRP difference would be about 8dB, and the worst case, i.e., 0% CDF-%tile of RSRP difference would be about 30dB in the co-located scenario. It was anticipated that the reason was that the RSRP difference was derived from the difference of beam width between 28GHz and 40GHz, assuming that BS would implement the same number of beam index of 28GHz and 40GHz.Based on the analysis in [4], the required capability for PSD imbalance would be about 15 dB for co-located scenario and 25dB for non-co-located scenario in order that NW configures inter-band DL CA to 80 % of existing UE in co-located scenario and configures to 50% of existing UE in non-co-located scenario, respectively.
Feasibility:
In RAN4#94-e, there were several contribution from chipset vendors about PSD difference. A contribution [5] mentioned that there is a difficulty to handle a large PSD difference since due to low isolation between 28GHz and 40GHz. If the same antenna panel is used for both bands, the other band is a blocker for the other. Note that the proposed value was changed from 6.5 to 7.5dB as described in e-mail discussion summary [6]. On the other hand, [7] and [8] proposed to specify the large PSD difference. From these contribution, it seems that in order to handle large PSD difference in non-co-located scenario, UE may need additional implementation such as inserting of an additional diplexer between 28GHz and 40GHz and/or separating different antenna feed of 28GHz and 40GHz. Therefore, firstly we would like to clarify the difference of required implementation to handle each deployment scenario.
Testability:
Initial study on testability of power imbalance was provided in [9], where it was mentioned that achievable power imbalance is roughly 20 dB@50 MHz CBW, 17 dB@100 MHz, 14 dB@200 MHz and 11 dB@400 MHz in a case the spherical coverage test. Furthermore, in our understanding, since the estimation is derived from spherical coverage EIS, there may be possibility that the achievable power imbalance can be increased considering peak EIS case.
Our view:
Considering above mentioned necessity and feasibility of implementation perspectives, we would like to specify 25dB PSD imbalance requirements in core requirement. For testability perspective, test parameters and condition for PSD imbalance conformance testing should be modified accordingly based on feasibility of actual test equipment although core requirement is specified as 25dB.
Proposal 1: Specify 25dB PSD imbalance requirement in core specification while the test parameter is modified based on feasibility of actual test equipment in RF conformance testing.

2.2 How to specify PSD difference requirement
　In the previous meeting, there was a discussion raised about how to specify PSD difference requirement and which section it should be specified [6]. This section discuss this topic to make common understanding in RAN4.
Which section should be specified:
	We would like to have companies’ view on this topic. Considering the actual operation, it would be better to confirm the performance on PSD difference for peak EIS, spherical coverage EIS, ACS, and IBB. However, we should consider trade-off between testing time and cost. If we can confirm that it is sufficient to test some of test cases for the purpose of confirmation of UE capability on PSD difference, it might be better RAN4 will down select these requirements. For example, if the fundamental factor for difficulty of handling PSD difference is to have sufficient isolation between wanted signals of 28GHz and 40GHz, the blocker effect might be not a dominant factor. According to the WF [1], it was agreed that at least spherical coverage EIS with PSD difference should be tested, and thus the corresponding requirements should be specified in section 7.3A.2 “Reference sensitivity power level for CA”.
 Observation: It was agreed in the WF [1] that PSD difference requirement for spherical coverage EIS should be specified. 
  Proposal 2: PSD difference requirement should be introduced to at least 7.3A.2. RAN4 should discuss further whether PSD difference configuration is needed for other receiver requirements such as Peak EIS, ACS and IBB.

How to define the received power level in test configuration:
	The received power level in test configuration should be decided based on spherical coverage EIS. It was agreed that spherical coverage EIS for inter-band CA is specified as common spherical coverage. It means in our understanding, for example, assuming CA n257+n260, UE can meet required throughput criteria under 50% of test point for spherical coverage EIS with received power level of -77.4dBm/50MHz for n257 and -73.1dBm/50MHz for n260 under single AoA (while we may need to consider additional relaxation value for inter-band CA). PSD difference requirement should be specified for the common spherical coverage range, and the received power level for one band should be 50%-tile spherical coverage EIS in single CC and the other band should be 50%-tile spherical coverage EIS in single CC + 25 dB. The below table show the example of received power level for 50MHz+50MHz case.
Table 2.2-1: Received power level for inter-band CA(50MHz+50MHz case)
	Channel bandwidth
 (MHz)
	Received power level
(dBm/Channel bandwidth)
	Example)
Received power level 
for n257 + n260 case
(dBm/Channel bandwidth)

	PCell
(or PSCell)
	SCell
	PCell
(or PSCell)
	SCell
	PCell
(or PSCell)
(n257)
	SCell
(n260)

	50
	50
	EIS at 50th %-tile CCDF
	EIS at 50th %-tile CCDF
+ 25 dB
	-77.4
	-48.1

	50
	50
	EIS at 50th %-tile CCDF
+ 25 dB
	EIS at 50th %-tile CCDF
	-52.4
	-73.1



Proposal 3: 
Received power level (dBm/Channel bandwidth) for spherical coverage EIS with PSD difference for FR2 inter-band CA should be set as received power level of one band is EIS at 50th %-tile CCDF and that of the other band is EIS at 50th %-tile CCDF + [25] dB, where EIS at 50th %-tile CCDF is derived from spherical coverage EIS of single CC for each band in section 7.3.4 in TS 38.101-2.
3. Conclusion
In this contribution, we proposed our views on inter-band CA requirement for FR2. Our proposals are summarised as follows:
Proposal 1: Specify 25dB PSD imbalance requirement in core specification while the test parameter is modified based on feasibility of actual test equipment in RF conformance testing.
Observation: It was agreed in the WF [1] that PSD difference requirement for spherical coverage EIS should be specified. 
  Proposal 2: PSD difference requirement should be introduced to at least 7.3A.2. RAN4 should discuss further whether PSD difference configuration is needed for other receiver requirements such as Peak EIS, ACS and IBB.
Proposal 3: 
Received power level (dBm/Channel bandwidth) for spherical coverage EIS with PSD difference for FR2 inter-band CA should be set as received power level of one band is EIS at 50th %-tile CCDF and that of the other band is EIS at 50th %-tile CCDF + [25] dB, where EIS at 50th %-tile CCDF is derived from spherical coverage EIS of single CC for each band in section 7.3.4 in TS 38.101-2.
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* Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following
testability solution can be provided.

* Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz, 28 GHz + 28 GHz, or 39 GHz +
39GHz from same direction simultaneously.

* PSD condition among bands.

» PSD difference up to TBD dB between 28GHz and 39GHz shall be consideredin the conformance
test configuration and [equal] PSD among 28+28 and 39+39 band groups

* Confirm PSD condition for each scenario in RAN4#94.




