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1
Introduction

Inter-band CA requirements for FR2, both downlink and uplink, are included in the scope of Rel-16 WID on NR RF requirements for FR2 [1]. In this contribution, our views on DL CA aspects are presented.
2
Discussion

2.1 
∆TC,IB and ∆RC,IB
For the UEs that support multiple FR2 bands, the UE multi-band relaxation has been introduced to the power class 3 UEs in Rel-15. The relaxation on the peak EIRP and the EIRP spherical coverage in a single band operation is specified in clause 6.2.1.3 of TS 38.101-2. The relaxation on REFSENS and the EIS spherical coverage in a single band operation is specified in clause 7.3.2.3 of TS 38.101-2. The applicable relaxation factor for both TX and RX is specified in Table 6.2.1.3-4 of TS 38.101-2.

TS 38.101-2 Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3

	Supported bands
	∑MBP (dB)
	∑MBS (dB)

	n257, n258
	≤ 1.3
	≤ 1.25

	n257, n260
n258, n260
	≤ 1.0
	≤ 0.753

	n257, n261
	0.0
	0.0

	n258, n261
	≤ 1.0
	≤ 1.25

	n260, n261
	0.0
	≤ 0.752

	n257, n258, n260

n257, n258, n261

n257, n258, n260, n261
	≤ 1.7
	≤ 1.753

	n257, n260, n261
	≤ 0.5
	≤ 1.253

	n258, n260, n261
	≤ 1.5
	≤ 1.253

	NOTE 1:
The requirements in this table are applicable to UEs which support only the indicated bands

NOTE 2:
For supported bands n260 + n261, ΔMBS,n is not applied for band n260

NOTE 3:
For n260, maximum applicable MBS,n is 0.4 dB


The order of relaxation is relatively large if we compared it with FR1. It is expected that the further relaxation to FR2 CA may have impact to the system performance. Therefore, it is suggested that the multi-band relaxation is used as a baseline for the CA relaxation.

Proposal 1: It is proposed that the multi-band relaxation factor is used as a baseline for CA relaxation for PC3.
2.2 
Out of band blocking
In RAN4#92 meeting, one contribution has discussed a necessity of out-of-band blocking requirement in Rel-16 [3]. The out-of-band blocking requirement was omitted in Rel-15, as there was no consensus to include it. One of the proposed assumptions was that the ACS blocker requirement could be easily kept outside of adjacent channels for out-of-band and spurious regions so that there was no strong need to test. A nature of blocker signal was also uncertain in RAN4 due to lack of information on the services in adjacent bands. Furthermore, the OTA testing of the out-of-band blocking was considered time consuming. 

The out-of-band block rejection is required but it is not conformance-tested for various reasons. 
[3] has proposed to specify OOB with aggressors only at other 3GPP bands. However, new 3GPP bands can be introduced in future; it is hard to tell what frequency test shall cover the future needs. Thus, it is our proposal to specify OOB not only 3GPP bands but a the sufficiently large frequency range.

Proposal 2: It is proposed to specify out-of-band blocking requirement properly in Rel-16 not only for inter-band CA but also for a single band operation in a single CC operation as well as in intra-band CA operation.
2.3
Reference architecture of FR2 inter-band CA
In [4] reference architecture aspects of FR2 CA were discussed. A proposal is made, “For FR2 inter-band CA, requirement derivation assumes co-located deployment and UE is assumed to be capable for communications on the same direction on both bands.”
To support inter-band CA in FR2, gNB may use a multi-band antenna panel or may use multiple single-band antenna panels. In both cases, the antennas are supposed to be collocated; the beam peak directions of multiple bands are expected correlated by placing panels on the same surface, but beam alignment among multiple bands are deployment dependent; generally, there is no upper bound on the misalignment of beam directions.
Observation 1: Collocated deployment is assumed for FR2 inter-band CA however the misalignment of beam directions among multiple bands are deployment dependent.

As the real network deployment is not guaranteed to have perfect beam alignment for inter-band CA, UE can be implemented to compensate such beam misalignment among bands; i.e., the Rx beam-forming can be separately made per band. Such UE implementation should be considered to improve receive performance, though not mandatory. Furthermore, the UE Tx direction can be also implemented independently per band (for UL CA case) as the beam correspondence is expected fulfilled per band.

Observation 2: It is up to UE implementation to adjust misaligned DL beam directions among bands.
Observation 3: The beam correspondence is fulfilled per band in inter-band CA.

2.4
Power imbalance

In the way-forward in RAN4#92 [4], it is agreed that “UE requirements will be applicable under moderate power imbalance, exact number is FFS.” This agreement was made because, if same hardware components are shared in the signal paths in the receiver, large power imbalance will cause receiver SNR degradation because of jamming of other bands.

It is understood that there is UE receiver implementation constraints; certain simplified UE architecture assumption may ease the implementation difficulty for FR2. However, there has been no power imbalance requirement in LTE inter-band CA among different frequency bands. Introducing such a constraint to the imbalance to the receiver input levels among frequency bands will constrain the network deployment and operation flexibility; so this should be carefully analyzed.

Observation 4: The power imbalance limitation may constrain the network deployment and operation flexibility of FR2 CA.

Even if the transmit power at gNB is the same for multiple frequency bands in a collocated deployment to support FR2 inter-band CA, different channel conditions will cause power imbalance among bands. The power control can be applied to adjust the transmit power however the power imbalance in the receive signal strength cannot be controlled perfectly. There is always certain power imbalance expected.

Proposal 3: It is to further study typical power imbalance in the collocated deployment of FR2 CA.

2.5
MRTD

MRTD for inter-band FR2 CA was proposed to be 0.26 us in [5].

OTA time alignment error (TAE) for gNB is already specified to be 3 us in TS 38.104 clause 9.6.3.2; the reference point for the requirement is at the Radiated Interface Boundary (RIB). On top of TAE, there are different propagation conditions among frequency bands, i.e., delay and delay spread are added. It is not possible to have 0.26 at the UE and it is preferred to keep the current 8 usec MRTD for supporting flexible deployment options.
Proposal 4: It is proposed to keep the current inter-band FR2 CA MRTD of 8us.
3
Conclusions 

Proposal 1: It is proposed that the multi-band relaxation factor is used as a baseline for CA relaxation for PC3.
Proposal 2: It is proposed to specify out-of-band blocking requirement properly in Rel-16 not only for inter-band CA but also for a single band operation in a single CC operation as well as in intra-band CA operation.
Observation 1: Collocated deployment is assumed for FR2 inter-band CA however the misalignment of beam directions among multiple bands are deployment dependent.

Observation 2: It is up to UE implementation to adjust misaligned DL beam directions among bands for non-perfect deployment.

Observation 3: The beam correspondence is fulfilled per band in inter-band CA.

Observation 4: The power imbalance limitation may constrain the network deployment and operation flexibility of FR2 CA.

Proposal 3: It is to further study typical power imbalance in the collocated deployment of FR2 CA.
Proposal 4: It is proposed to keep the current inter-band FR2 CA MRTD of 8us.
4
References

[1] RP-190761
WID: NR RF requirements for FR2, Nokia, Nokia Shanghai Bell, RAN#83

[2] R4-1907984
Work plan and general issues with inter-band CA for FR2, Qualcomm Incorporated, RAN#92
[3] R4-1907983
FR2 Inter-band CA reference architecture, Qualcomm Incorporated, RAN#92

[4] R4-1910337
WF on FR2 Inter-band CA, Qualcomm Incorporated, RAN#92

[5] R4-1908790
MRTD For Inter-band FR2 CA, Qualcomm Incorporated, RAN#92

2

