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1.	Introduction
For Rel-17, the CBM DL inter-band CA requirements for band pairs from different frequency groups require specification of delta(RIB) , as noted in WF [1]. In this contribution, we share our proposal for an example band combination, along with relevant considerations.
2. 	Discussion
For the sake of this discussion, a band group is defined as the super-set of bands that either overlap or are adjacent. Some examples of band groups are n258+n261+n257, and n260+n259. 
In Rel-16, n260+n261 was the example band for IBM inter-band CA, and requirements from other combinations across band groups were derived as variations of those for the example band combination. We adopt a similar principle for CBM. Based on the last set of agreements [1], delta(RIB) remains to be determined for CBM.
2.1	What are reasonable performance expectations?
CBM UEs promise some network-level advantages like reduced overhead in certain conditions. On the flip side, CBM UEs are also likely to perform worse than UEs with IBM inter-band CA. To enable CBM UEs, it follows that the requirement must be relaxed in some manner relative to IBM UEs. There are two options to implement sensitivity requirement relaxation for CBM inter-CA relative to IBM inter-CA: 
· relax the actual parameter values (dBm targets) 
· From a network perspective, one cannot justify why deployment conditions and performance demands would change between CBM and IBM UEs. i.e. One could argue that side conditions should not change between CBM and IBM requirements. To enable CBM UEs, the actual parameter values would have to be relaxed from IBM. This method is however disruptive for the network in terms of incompatibility in link budgets between CBM and IBM UEs. 
· specify a narrower range of side-conditions where the existing IBM inter-CA requirements are applicable
· A UE’s sensitivity performance difference between IBM and CBM can reduce or even vanish under certain special network conditions, like co-location of the gNBs, and optimized DL PSD levels across the bands to accommodate single-chain implementations. i.e. it is possible to the retain existing target parameter values by specifying side-conditions that are restrictive to the network. This method would guarantee good UE performance only for a narrow set of conditions, but network link budgets can remain unchanged.
The latter method presents a reasonable balance between UE- and network-friendly choices for specifying CBM inter-CA requirements while presenting an easily testable set of requirements. We therefore identify IBM delta(RIB), minimized conducted-domain PSD difference and co-located DL sources conditions as the desired package of requirements for CBM UEs. We have previously proposed that ‘minimized PSD difference’ can be implemented by using a simultaneous sensitivity condition [2]. We however need to analyse the problem in detail to confirm or challenge the general direction of using IBM delta(RIB) for CBM across different band groups.
Proposal 1: Sensitivity requirements for CBM UEs shall be based on IBM requirements, but with DL OTA PSD difference determined by a simultaneous sensitivity condition.
The detailed spec. wording and side-conditions are included in a companion draft CR [3]. 
2.2	On the bandwidth challenge and architecture choice
Per prior discussion, single-chain as well as multi-chain receiver architectures are allowed, but the performance offered by each must be evaluated separately before weighing their network feasibility. ‘Single-chain receiver’ in this context refers to a receiver configuration that can meet all non-A-suffix receiver requirements in TS38.101-2, rather than referring to any specific design detail of the receiver.
A receiver’s ‘wide-banded-ness’ can be evaluated by its fractional BW, or the supported bandwidth in relation to the geometric centre frequency of supported spectrum. A Rel-15 UE already supports a single band fractional BW as high as 12.6% (n258).  Fractional BW for some inter-band combinations across different band groups are below:
	Band combination
	n258
	n260+n261
	n257+n259
	n258+n260

	Fractional BW (%)
	12.6
	37.7
	50.1
	50.6

	Supported BW (MHz), or Freq. Sep.
	3.25
	12.50
	17.00
	15.75



Band combinations across frequency groups represent a tripling or even quadrupling of the fractional BW compared to single band capability, which makes it a very challenging prospect for implementation in context of a mass-produced device with projected device technology and the delta(RIB) aim discussed in section 2.1. We therefore conclude that multi-chain designs are currently the only feasible option for inter-band CA across frequency groups.
[bookmark: _Hlk91601544]2.3	delta(RIB_spherical)
Recall that for IBM, delta(RIB_sph) for a band pair sourced from different band groups was derived as the cumulative effect of relaxations from multiple mechanisms:
· Relaxation ‘R_overlap’ due to imperfect overlap in spatial coverage of the participating bands
· MBR
· Mutli-chain desense: A de-sense factor from having to keep 2 receiver sets simultaneously operational
R_overlap is the relaxation (dB) in the single-band spherical coverage criterion so 50% of the test sphere is covered by both bands (common coverage) for PC3. The table below deconstructs delta(RIB_spherical) for IBM into its constituent components, including R_overlap, for our example band combination of n260+n261:
	Mechanism
	Parameter
	Value for IBM in n260+n261 
	Notes

	Imperfect overlap in spatial coverage of the participating bands
	R_overlap
	~2.0 dB
	Different beam management means IBM value cannot be reused for CBM

	Need to accommodate multiple bands in the same module
	MBR
	(0.7-0.4) dB
	Unchanged between IBM and CBM

	Multi-chain desense
	
	1.0 dB
	Unchanged between IBM and CBM

	(Cumulative relaxation)
	Delta(RIB_spherical)
	3.5 dB
	Per Rel-16



For IBM, the R_overlap value of ~ 2.0 dB, was derived from delta(RIB_spherical) (= 3.5 dB) – MBR (0.4 to 0.7 dB) – Multi-chain desense (1.0 dB was value agreed in RAN4 during disucssion). For multi-chain CBM, R_overlap needs to be re-evaluated due to significant deviation from IBM in the beam selection process inside the UE.
2.3.1	Simulation assumptions for R_overlap with CBM
The UE was assumed to have 2 4x1 antenna modules, arranged as one module in one face, and the second in the opposing face of the UE. n260+n261 was chosen as the example band combination. The modules were originally designed to enable a Rel-16 UE meet IBM specifications but repurposed for CBM operation for this study. As such no special attention was paid to the demands of CBM, like optimizing beam shape similarity. The results derived below therefore paint a pessimistic picture of UE’s performance compared to one that is designed for CBM from the outset.
Now, a typical 2-module design in this configuration performs much better than the standards requirement for EIS spherical coverage (single band). This is true of the chosen antenna module and true when the array is constructed from elements using the radiation pattern assumptions from TR38.803. It is therefore necessary to normalize the spherical coverage performance of the UE to prevent inherent margins in the evaluated design from incorrectly under-reporting necessary delta(RIB). The normalization process forces each band individually to just meet its spherical coverage requirement (marginal compliance). Only normalized data is presented below. The Annex has further detail on the spherical coverage maps of each band as well as the normalization process.
2.3.2	Results and analysis for R_overlap with CBM
‘R_overlap’ for n260+n261 for the multi-chain CBM inter-band CA case, as well as for the IBM case as a baseline are tabulated below. The tables are presented for both extremes of inter-band configuration, and therefore cover impact of intra-band beam squint. Per our deconstruction of the IBM delta(RIBspherical) value, R_overlap is ~2 dB for IBM for n260+n261. In comparison, the R_overlap value calculated for the modelled UE to meet IBM requirements is 2.0 to 2.4 dB, which confirms that the simulation conditions are consistent with those of a Rel-16 UE that marginally meets the IBM requirements. R_overlap is 2.0 dB in one case but 2.4 dB in the other – this type of discrepancy is expected when at least one of the bands is wide enough to manifest the impact of beam squint and other band-edge effects in antenna performance. The 2.4 value also points to the normalization process being more pessimistic than preferred.
	Common coverage fraction for n260+n261 (%)

	R_overlap (dB)
	IBM
	CBM, BMRS in n261 (@ 27.50 GHz)
	CBM, BMRS in n260 (@ 40.00 GHz)

	0.0
	40.8
	39.2
	40.2

	1.0
	46.3
	43.7
	44.4

	2.0
	50.1
	46.8
	47.3

	2.7
	53.9
	50.0
	50.0



	Common coverage fraction for n260+n261 (%)

	R_overlap (dB)
	IBM
	CBM, BMRS in n261 (@ 28.35 GHz)
	CBM, BMRS in n260 (@ 37.00 GHz)

	0.0
	41.1
	38.8
	41.1

	1.0
	45.9
	44.1
	45.9

	2.4
	50.1
	48.7
	50.1

	2.6
	51.3
	50.1
	51.3



For a Rel-16 IBM UE that is re-purposed to support CBM, analysis shows that R_overlap can be 0.3 dB degraded for n260+n261 (2.4 to 2.7 dB). Qualitatively, the degradation is mild, despite using UEs that are not specifically designed with beam similarity and other attributes necessary for CBM. It is not unreasonable to expect that a UE expressly designed for CBM can match an IBM UE for the parameter R_overlap, and therefore delta(RIB) itself.
Proposal 2: For DL CA for n260+n261, delta(RIB_spherical) for IBM is also applicable for CBM
2.4	delta(RIB_pk)
Unlike delta(RIB_sph) the accounting for Rel-16 IBM delta(RIB_pk) is less clear. Only 2 out of the 3 mechanisms contributing to delta(RIB_sph) apply for the peak case, yet the value of the peak and spherical parameters are similar or identical :
· (Not applicable) Relaxation ‘R_overlap’ due to imperfect overlap in spatial coverage of the bands
· MBR (~0.7 dB)
· Mutli-chain desense (1.0 dB)
From an accounting of mechanisms, delta(RIB_pk) should be less than 2.0 dB. For consistency with IBM however, it may be appropriate to extend proposal 2 to delta(RIB_pk):
Proposal 3: For DL CA for n260+n261, delta(RIB_pk) for IBM is also applicable for CBM
3. 	Conclusion
Proposal 1: Sensitivity requirements for CBM UEs shall be based on IBM requirements, but with DL OTA PSD difference determined by a simultaneous sensitivity condition.
Proposal 2: For DL CA for n260+n261, delta(RIB_spherical) for IBM is also applicable for CBM
Proposal 3: For DL CA for n260+n261, delta(RIB_pk) for IBM is also applicable for CBM
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5. 	Annex
The single-band coverage regions of n260 (40.0 GHz) and n261 (27.5 GHz) respectively are shown below in yellow for the modelled UE:
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Figure 5-1: Coverage map for each band, based on gain drop to achieve 50% coverage in each band
The patterns illustrate the impact of using the same module for multiple widely separated frequencies. For n261, each module forms relatively well-formed beams, but in n260 the same module produces significant sidelobes for some beams (see additional yellow islands in the map for n260). A section view through the beam peak direction (phi = 90) reveals more detail on the existence of sidelobes in n260 in relation to the gain cut-off to determine coverage areas.
[image: ]
Figure 5-2: Section view through beam peak direction along phi = 90 degrees
The gain cut-offs are determined during the normalization process to ensure that the single band coverage area for each band individually is maintained at 50%. All directions where the gain is lower than the cut-off represent out of coverage areas. For the inter-band case, the gain cut-off is relaxed by a scaled version of R_overlap to account for any margin present in the design. For example, if the evaluated design covers its 50th %ile direction with an 8 dB gain drop when the standard allows 11 dB, R_overlap_scaled is calculated as R_overlap*8/11. Common coverage is judged based on overlap of coverage areas of each band based on R_overlap_scaled for that band.
image1.png
phi(deg)

400

350

300

250

200

150

100

50

n261 Coverage

20

40

60

80

100
theta(deg)

120

140

160

180

200




image2.png
phi(deg)

400

350

300

250

200

150

100

50

n260 Coverage

20

40

60

80

100
theta(deg)

120

140

160

180

200




image3.png
dBi

Coverage pattern

n260
n261
260 50th%ile cutoff
n261 50th%ile cutoff

20 40 60 80 100 120 140 160
Azimuth (degrees)

180




