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Introduction
BS requirements for mmWave frequency range were introduced initially from Rel-15 [1]. With the release evolution, more FR2 bands are specified after Rel-15. Now the FR2 frequency range covers 26 GHz, 28 GHz, 39 GHz, 40 GHz, 47 GHz bands and also extends to 52.6-71GHz. 
Requirements for FR2 BS are full OTA based, but so far the mmWave BS requirements are only applicable for single FR2 operating band. However, inter-band CA band combinations are already supported for FR2. And there are lots of discussion for band groups for UE side in Rel-16 and Rel-17. 
This contribution provides our further consideration on mmWave multi-band BS. 
Discussion
Performance enhancement
Table 1 lists the specified operating bands for FR2 [2]. 
Table 1: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –   FUL_high
	FDL_low   –   FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n259
	39500 MHz
	–
	43500 MHz
	39500 MHz
	–
	43500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD

	n262
	47200 MHz
	–
	48200 MHz
	47200 MHz
	–
	48200 MHz
	TDD


According to operators’ deployment demand, requirements for both inter-band DL CA and inter-band UL CA are studied in UE RF FR2 WI [3][4]. Specifically, common beam management (CBM) and independent beam management (IBM) are discussed under inter-band DL CA enhancements: 
	· Inter-band DL CA enhancements [RAN4 RF/RRM]
· Agree a method how applicable CBM/IBM information is captured into specification for a particular CA configuration. Agree how it is decided whether a certain CA configuration is assuming CBM or IBM based requirements (for-example is applicability based on operator request or some general rule or are all CA configurations applicable for both CBM and IBM). 
· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz).
· Define requirements for CA_n258A-n260A and CA_n257A-n259A based on IBM (Note these CA configurations will be moved to Basket WI in RAN#90 and more combinations may be added to Basket WI later).
· 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. Evaluate performance impact based on deployment conditions and design constraints, including outcome of MRTD requirement if any.
· Study and if feasible define UE RF requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for (IBM) based on explicitly requested band combinations.
· Both RF and RRM requirement aspects are in scope for DL interband CA.


The definitions of CBM and IBM were further clarified in RAN4, i.e. 
CBM (Common Beam Management): 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.
IBM (Independent Beam management): A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
The capability of beam management as well as corresponding requirements would have impact to network deployment scenario. 
In the existing RRM specification TS 38.133, MRTD for inter-band CA is defined as below:
	For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.





According the Note, 8us MRTD is applicable for IBM in Rel-16, but there is no conclusion on MRTD for CBM. During the discussion in Rel-16, some companies proposed to reduce the MRTD requirement for CBM to 260ns, or at least the value should be reduced to some extent in order to guarantee the system performance. The figures below are cited from [5]. 
[image: ]
[bookmark: _Ref36501598]Figure 1. When UE has to sweep a common Rx beam of 2 CCs, but the CP of the 2 CC are non-overlapped.
With analysis in [5], if the CP of 2 CCs are not overlapped, UE cannot find a duration to switch its Rx beam for both cells without causing interruption to data reception.
[image: ]
[bookmark: _Ref31116412]Figure 2. MRTD = TAE + difference in propagation delay
Thus it is proposed by some companies to reduce the MRTD to 260ns. The OTA TAE requirements for FR2 BS are defined as below:
	[bookmark: _Toc21127660][bookmark: _Toc29811869][bookmark: _Toc36817421][bookmark: _Toc37260343][bookmark: _Toc37267731][bookmark: _Toc44712334][bookmark: _Toc45893647][bookmark: _Toc53178367][bookmark: _Toc53178818][bookmark: _Toc61179056][bookmark: _Toc61179526][bookmark: _Toc67916822]9.6.3.3	Minimum requirement for BS type 2-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.


With the proposal of smaller MRTD, actually it limits the deployment to co-location scenario only to support CBM. We don’t think that the UE capability should have any impact to NW deployment, but it is one factor worthy of consideration for BS evolvement. Even for co-location scenario, if different modules implemented for different operating bands, whether smaller TAE can be guaranteed also depends on BS implementation. Obviously, a multi-band RF module can easily fulfill the requested TAE requirement for co-location scenario. 
On the other hand, with increasingly inter-band CA combinations proposed for FR2 and evolvement of the frequency range to E-band and even higher, it is expected that the RF component ability as well as antenna performance will be enhanced for wider RF bandwidth. Retrospect to the history of FR1 MB-MSR, it was not popular at the time the WI proposed for multi-band BS, but nowadays, MB BS is widely deployed around the world. We think MB-BS for FR2 could drive the enhancement of wide band implementation for mmWave BS, and it can also be helpful to guarantee the performance for co-location scenario.
[image: ]
Figure 3 mmWave Multi-band BS supporting IBM and CBM UE
The proposed mmWave multi-band BS supports both IBM and CBM UEs. 
Deployment scenarios and Band combinations
Similar to FR1, the spectrum for the operator may not be acquired at the same time for different bands, or CA may not be needed for the initial deployment but the capacity enhancement needs to be considered later via CA. A multi-band BS would be helpful for operator to reduce the cost as well as the site engineering issue.
[bookmark: _GoBack]Regarding the urgency issue, we see BS is different from UE side. The evolvement of BS type is quite slow. When RAN4 had AAS study from Rel-11, there is no commercial deployment of such BS type at all, but after completion of all the OTA requirements finally in Rel-14 for LTE and Rel-15 for NR, we see Massive MIMO is a very popular deployment scenario nowadays around the world. As inter-band CA for FR2 was already introduced from Rel-16, in our view, it’s the right time to consider mmWave MB-BS for 5G-advanced in Rel-18. 
For mmWave MB-BS, the example band combination could be 26+28GHz, 28+39GHz, 26+40GHz.
Multi-band requirements
In last RAN WS meeting and during the RAN level email discussion on RAN4 topics, there are some question on the potential multi-band requirements. Table below summarizes the multi-band BS requirements for FR1, we know that the requirements for FR2 BS are full OTA based. Therefore, the OTA multi-band requirements for FR1 could be a reference for FR2. Certainly, the detailed mmWave MB-BS requirements need further study.
Table 3 Multi-band BS requirements for FR1
	Clause
	Requirement
	Multi-band requirements/exemption's

	Conducted 
	OTA
	
	

	6.4.1.1
	9.5.2.1
	Transmitter OFF power
	Only applicable in supported operating bands

	6.6.3.1
	9.7.3.2
	ACLR
	Applied in inter RF bandwidth gaps

	6.6.6.1
	9.7.4.2
	OBUE
	Different requirement in inter RF bandwidth gaps - slight difference in drafting of requirement.
For conducted: gap < 2 F_OUBE(cumulative sum of the limits on each side, similar also listed as note in tables
for OTA: this is not stated but the tables in conducted are referenced so it does apply

	6.6.5.1
	9.7.5.2.1
	TX Spurious emissions
	Each operating band (and F-OUBE) is excluded

	6.6.5.2.3
	9.7.5.2.4
	Additional spurious emissions (co-existence)
	Conducted: Notes in table excluding certain band apply for each operating band
OTA: conducted is referenced so same applies

	6.6.5.2.4
	9.7.5.2.5
	co-location
	Notes in table excluding certain band apply for each operating band

	6.7.2.1 / 6.7.3.1
	9.8.2
	Tx intermodulation
	Conducted : Requirements apply for each operating band, some exclusions when inter RF bandwidth gap < 3*BW_channel
OTA: "operation in multiple operating bands" and the same exclusion apply

	7.4.1
	10.5.1
	ACS
	Requirement applied in inter RF bandwidth gap (if gap is large enough for interfering signal)

	7.4.2
	10.5.2
	In-band blocking (general and narrow band)
	Requirement applied in inter RF bandwidth gap (if gap is large enough for interfering signal)

	7.5.2
	10.6.2.1
	Out of band blocking
	In band ranges from other bands exclude for OOB range

	7.6
	10.7.2
	Rx spurious emissions
	Exclusion zones for both bands are applicable

	7.7.2
	10.8.2
	Receiver Intermodulation
	Requirement applied in inter RF bandwidth gap (if gap is 2x the interfering signal)



Conclusion
This contribution provides consideration on mmWave multi-band BS. 
For evolution of single band FR2 BS to multi-band BS, it is foreseen wide band capability for RF components and antenna design would be further enhanced also it is beneficial to guarantee the system performance for multi-band co-location scenario if CBM UE capability is taken into account. 
Proposal: It is proposed to have a new WI in Rel-18 for mmWave multi-band BS. 
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