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1 Background
The work item introducing the new FR2 band, n259, was approved in [1]. During RAN4 #92 BIS the link budget was discussed an a WF was agreed [2] where minimum peak EIRP was agreed to 18.7dBm and minimum peak EIS was agreed to -84.7dBm @ 50MHz

This contribution is an update of [3] where we discuss spherical coverage and multi-band relaxation for n259. 
2 Transmitter, PC 3
UE maximum output power limits for power class 3
Power class is defined as maximum peak EIRP, minimum peak EIRP, spherical coverage EIRP and maximum TRP. Since this is PC3 for a new frequency it is proposed to reuse maximum peak EIRP and maximum TRP from PC3: n257, n258, n260 and n261, i.e. maximum peak EIRP = 43dBm and maximum TRP = 23dBm.

[bookmark: _Ref20385663][bookmark: _Ref24035538]Proposal 1	For PC3: n259 reuses maximum peak EIRP and maximum TRP from PC3: n260. 
Max TRP is 23dBm, Max EIRP is 43dBm.
Spherical coverage
The spherical coverage of an antennas in those frequencies depends on many factors, which include but are not limited to the surface current distribution, the material of the back cover and its separation distance to the antennas, other components around the antenna panel, etc. An analysis has been provided in [4], and it can be observed and concluded that the impact from all the factors does not monotonically change with frequency but rather changes periodically. Therefore, it cannot be concluded that the performance, in terms of spherical coverage, in the n259 band must be worse than in the n260 band. 
In order to elaborate the point mentioned above, the spherical coverage of a device with smart-phone form factor at 41.5 GHz is simulated. The device is covered by glass on both front and rear sides and is rounded by metal frame. The device is configured with two antenna panels, facing towards front side and rear side of the phone respectively. Each panel is composed by a 4×1 patch array and resonant at center frequency at 41.5 GHz. As a reference, another set of simulations with the same setup, except with 38 GHz resonant frequency of the antennas, is also provided. 
[image: ]    [image: ]
Figure 1. The simulation setup and the simulated spherical coverage at 41.5 GHz and 38 GHz.

This full wave simulation includes a model of a real phone, thus all the possible effects including the surface wave is considered. It can be observed that the spherical coverage at 41.5 GHz is even slightly better than at 38 GHz. Thus, moving from n260 up to n259 does not necessarily mean degrading the spherical coverage. In general, the spherical coverage performance will be very similar between n259 and n260, therefore, the n260 requirement (delta between peak and 50% EIRP) could be re-use. Since Min peak EIRP for n259 was agreed to be 18.7dBm [2] and the delta between peak and 50% EIRP for n260 is 12.6dB the Min EIRP at 50 %-tile CDF for n259 would be 6.1dBm. 
[bookmark: _Ref21108741][bookmark: _Hlk24034587]Observation 1	The spherical coverage performance (delta between peak and 50% EIRP) of n259 is similar to n260.
[bookmark: _Ref24031128][bookmark: _Ref24035597][bookmark: _Ref24036689]Proposal 2	Re-use the spherical coverage delta between peak and 50%-tile EIRP of n260 for n259. Min EIRP at 50 %-tile CDF for n259 shall be 6.1dBm.
The same reasoning goes for EIS spherical coverage where the REFSENS for n259 @50MHz channel BW was agreed to -84.7dBm. The EIS spherical coverage shall thus be -72.1dBm

[bookmark: _Ref24036630]Proposal 3 	Re-use the spherical coverage delta between REFSENS and 50%-tile EIS of n260 for n259. Min EIS at 50 %-tile CCDF for n259 shall be -72.1dBm at 50MHz Channel BW.
Multi-band relaxation
Multi-band operation was heavily debated in RAN4 #88 bis [5] and RAN4 #89 [6] where the framework for multi-band relaxation was agreed. It was also agreed that the same relaxation is applicable for both EIRP and EIS. Multi-band relaxation was agreed as a trade-off between link budget and implementation constraints. In other words, as was shown in [8] there is a clear trade-off between antenna volume and multi-band performance. 
2.1.1 Re-using the multi-band framework
If adding n259 to the multi-band relaxation specification it is proposed to reuse the same framework decided in [7]. Re-using the same framework may accelerate the process of defining band n259. 
[bookmark: _Ref20385638]Observation 2 	Re-using the same multi-band framework may accelerate the process of adding n259 to the multi-band relaxation specification. 
[bookmark: _Ref20385675][bookmark: _Hlk21103882]Proposal 4	If adding n259 to the multi-band relaxation specification, re-use the same multi-band framework.
To apply this to Table 6.2.2.3-4 in TS 38.101-2 the same principle shall apply for n259 as for n260 in those cases where n259 and n260 do not co-exist.
[bookmark: _Ref20385680]Proposal 5	If adding n259 to the multi-band relaxation specification, for all cases where n259 and n260 do not co-exist re-use the values for n260 in Table 6.2.2.3-4 in TS 38.101-2 for n259
Note that there are additional restrictions on the multiband relaxations for band n260 in Note 2 and 3 in Table 6.2.1.3-4 of TS 38.101-2. To our understanding, the spherical coverage at band n260 is lower than other bands in the 3GPP specification right now, but the link budget in a real deployment scenario is tighter due to the higher propagation loss. In order to maintain a reasonable cell coverage, such a restriction is, therefore, proposed to be added also for band n259. Based on the logic above, the same Note 2 and 3 shall be used for n259. 
[bookmark: _Ref20385685]Proposal 6	If adding n259 to the multi-band relaxation specification, also include n259 in Note 2 and Note 3 in Table 6.2.1.3-4:  
NOTE 2: For supported bands n260 + n261 and n259 + n261, ΔMBS,n is not applied for band n260
NOTE 3: For n259 and n260, maximum applicable ΔMBS,n is 0.4 dB
The cases where n259 and n260 co-exist is trickier. n259 and n260 together cover from 37GHz – 43.5GHz = 6.5GHz with a relative coverage of 16% compared to n258 and n257 which cover 5.25GHz with a relative coverage of ~20%. One could argue values n258 and n257 combinations, could be re-used for n259 and n260 combinations. However, the bands in the 40GHz range already suffer from somewhat poor link budget. It is, therefore, rather proposed to re-use the principle according to Note 2 and Note 3 in Table 6.2.1.3-4 as discussed above (For n260, maximum applicable MBS,n is 0.4 dB) also for n259. As an example, this will mean that ∑MBP for n259 and n260 will < 0.8dB.
3 Conclusion
In this contribution we have discussed the requirement for PC3: n259. The following observations and proposal are made:
 
Observation 1	The spherical coverage performance (delta between peak and 50% EIRP) of n259 is similar to n260.
Observation 2 	Re-using the same multi-band framework may accelerate the process of adding n259 to the multi-band relaxation specification.
Proposal 1	For PC3: n259 reuses maximum peak EIRP and maximum TRP from PC3: n260. 
Max TRP is 23dBm, Max EIRP is 43dBm.
Proposal 2	Re-use the spherical coverage delta between peak and 50%-tile EIRP of n260 for n259. Min EIRP at 50 %-tile CDF for n259 shall be 6.1dBm.
Proposal 3 	Re-use the spherical coverage delta between REFSENS and 50%-tile EIS of n260 for n259. Min EIS at 50 %-tile CCDF for n259 shall be -72.1dBm at 50MHz Channel BW.
Proposal 4	If adding n259 to the multi-band relaxation specification, re-use the same multi-band framework.
Proposal 5	If adding n259 to the multi-band relaxation specification, for all cases where n259 and n260 do not co-exist re-use the values for n260 in Table 6.2.2.3-4 in TS 38.101-2 for n259
Proposal 6	If adding n259 to the multi-band relaxation specification, also include n259 in Note 2 and Note 3 in Table 6.2.1.3-4:  
NOTE 2: For supported bands n260 + n261 and n259 + n261, ΔMBS,n is not applied for band n260
NOTE 3: For n259 and n260, maximum applicable ΔMBS,n is 0.4 dB
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