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1	Introduction
This contribution is based on [1] but adds more simulation results, namely for cases where CCs have un-even BW.
In this contribution we also analyse different alternatives (Alt1., Alt2 and Alt.3) for non-simultaneous UL CA transmission listed in the WF [3].
2	Discussion
2.1	Simulation scenarios
Two different sub-block scenarios were simulated, one for 2 sub-block case and another for 3 sub-block case. In both cases sub-block bandwidths were 100 MHz and the gap(s) were also 100 MHz. For 2 sub-block case and edge carriers in 3 sub-block case the allocations were always in the outer edges of the sub-block that is in the low edge of the lowest   sub-block and high edge of the highest sub-block. Middle sub-block allocation in 3 sub-block case was placed such that the center of the allocation was equal distance from the center of the lower sub-block allocation and center of the higher sub-block allocation. For 2 sub-block case all possible allocation size combinations were simulated but for 3   sub-block case only a subset.
[image: ]
Figure 1: Allocation placement

2.2	Simulation assumptions
PA calibration point was 100 MHz, 120 kHz, QPSK, DFT-S-OFMA, 20RB23with 0 dB MPR
IQ-Image and LO leakage = 25 dBc
CIM3 = 60 dBc
SEM and as in [1]
Table 6.5.2.1-1: General NR spectrum emission mask for frequency range 2.
	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB
(MHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	Measurement bandwidth

	 0-5
	-5 
	-5
	-5
	-5
	1 MHz 

	 5-10
	-13
	-5
	-5
	-5 
	1 MHz

	 10-20
	-13
	-13
	-5
	-5 
	1 MHz

	 20-40
	-13
	-13
	-13
	-5
	1 MHz

	 40-100
	-13
	-13
	-13
	-13
	1 MHz

	 100-200
	
	-13
	-13 
	-13 
	1 MHz

	 200-400
	
	
	-13 
	-13 
	1 MHz

	 400-800
	
	
	
	-13 
	1 MHz

	NOTE 1:	Void



General spur = -13 dB/1 MHz and as in [1]
ACLR=17 dB and as in [1]
OBW = 99% of the emissions of ALL allocations were inside sub-block bandwidths.
Equal PSD in sub-blocks and equal back-off.
[bookmark: _Hlk21099258]2.2.1	OBW
Regarding the occupied bandwidth, 3GPP TS 38.101-2 as well as the ITU and FCC regulation define OBW as the bandwidth that contains 99% of the total transmitted power and state that OBW may not exceed the channel bandwidth, or aggregated channel bandwidth in carrier aggregation.
In non-contiguous CA, OBW cannot be defined sub-blockwise when RBs are allocated in more than one subblock because there is no meaningful way to define how to assign frequency ranges outside the subblocks to each subblock to calculate their total power. On the other hand, omitting the OBW limit may be against regulation.
In our simulations, we used a different approach. The OBW requirement can be rewritten in an equivalent ACLR-like form. The channel must contain at least 99 % of total transmitted power, i.e., 

Notice that in this alternative form of the requirement, the OBW is not measured at all.
Now, the requirement can be defined for NC CA as

It is important that a sufficient number of IMD lobes are included in the measurement of power below and above the subblocks.
Observation: The OBW limit is the gating factor of MPR for most allocations in FR2 NC CA.
In LTE and NR FR1, spurious emission was almost always the gating factor for NC CA. However, the more relaxed spurious limit of FR2 changes the situation. Furthermore, with the larger channel bandwidths of FR2, the widest allocations have too low a PSD to violate the spurious emission limit due to the relatively narrow measurement bandwidth of 1 MHz.


2.3	Simulation results
2.3.1	2 sub-blocks
Results are presented as squares where x-axis represent allocation size in lower sub-block and y-axis represent allocation size in upper sub-block. Lower left hand corner is the 1RB+1RB case and higher right hand corner is the full allocation on both sub-blocks.
Left hand side figure is the required back-off and right hand side figure is the gating factor. Results for CP-OFDM and DFT-s-OFDM are in Figures 2 and 3 respectively. When comparing the amount of required backoff i.e. MPR we can see that CP-OFDM and DFT-s-OFDM do not differ much. This is due to the fact that as DFT-s-OFDM has two sub-blocks the PAPR increases compared to single carrier case and approaches CP-OFDM PAPR.
Most demanding case from BO point of view is 1RB+1RB as always and easiest is when one of the sub-blocks has very narrow allocation (grey in Fig2, left) and the other sub-block much wider allocation (cyan in Fig2, left).
[image: ][image: ]

Figure 2: CP-OFDM
[image: ][image: ]
Figure 3: DFT-s-OFDM

2.3.2	3 sub-blocks
For aggregation of three CCs, we run a simulation on the so-called triple-beat scenario where the center frequencies of allocations in all three CCs are equally spaced. As a result, several IMD components fall onto each other on an equally spaced grid, thus maximizing the power of IMD lobes in the spectrum. The configuration was 100+100+100MHz (one CC per subblock) with 100 MHz subblocks gaps, QPSK, SCS = 60 kHz.
Figure 4 depicts the simulated back-off as function of the total allocation size and also shows the gating factor of each allocation.
[image: ][image: ]
Figure 4: Back-off as function of total allocation size for OFDM (left) and DFT-S-OFDM (right) in triple-beat scenario with 100+100+100 MHz channel combination with 100 MHz gaps between channels.
Another scenario with high emissions is when the centre CC has no allocation. Then all power is concentrated in the allocations of the outermost CCs, resulting in high emission lobes, especially if the CC allocations are narrow. These cases are practically equivalent with the two-CC scenario. They could apply the MPR specification of the two-CC case and do not need to be simulated separately.
[bookmark: _Hlk24035986]2.3.3	New simulation results for Un-even CC bandwidths
New simulations were run to study the effect of different CC bandwidths. The conclusions made below in Section 2.4 are valid also in the light of these new results.
[image: ][image: ][image: ]
Figure 5: 50+100 MHz aggregation with 100 MHz gap. CP-OFDM
[image: ][image: ]
[image: ][image: ]
Figure 6: 50+100MHz with 100 MHz gap. DFT-s-OFDM

[image: ][image: ]
Figure 7: 50+200MHz with 100 MHz gap. QPSK only
[bookmark: _GoBack]2.4	How to write MPR
2.4.1	2CC case
As can be seen from Figure 5 MPR is basically same for all modulations. Two gating factors exists for CP-OFDM: when very narrow allocation is on both CC’s the gating factor is spurious emissions otherwise it is OBW. Hence one simple way of defining the MPR is to have two MPR values one for spurious cases which would be 5 dB (lower left-hand side corner) and one for OBW cases which would be 3 dB. This definition would assume equal PSD and is total backoff.
[image: ][image: ][image: ]
Figure 5: 2x100MHz CC with 100 MHz gap. CP-OFDM
For DFT-s-OFDM there is bit more variation which is the gating factor especially for 60 kHz scs and PI/2 PBSK but never the less based on MPR plots similarly as for CP-OFDM case same 2 MPR values could be consider that is 5 dB for lower left-hand side corner allocations and 3 dB for rest, see Figure 6.
[image: ][image: ]
[image: ][image: ]
Figure 6: 2x100MHz CC with 100 MHz gap. DFT-s-OFDM
2.4.2	3CC case
3 CC case cannot be presented same way as 3 CC case instead we have used simple format explained in clause 2.3.2. Similarly as for 2CC case 2 MPR solution can be consider that is one MPR for spurious limited case and another one for the rest (OBW limited) for which MPR would be in the order of 4.5 and 3.5 dB respectively. This definition would assume equal PSD and is total backoff.
[image: ][image: ]
Figure 7: 3x100MHz CC with 100 MHz gaps. CP-OFDM (left) and DFT-s-OFDM (right)

3	Non-simultaneous uplink in NC carriers
The following alternative mechanisms for enabling non-simultaneous UE transmission for Intraband Non-contiguous UL CA were listed in the WF [3] agreed in RAN4#92bis;.

· Alt.1: apply the BWP switching framework
· DCI-based, RRC-based, and timer-based scenarios are not precluded
· Alt.2: apply the MAC CE based SCell activation framework
· UL and DL are activated and deactivated together
· Alt.3: apply the RRC based SCell configuration framework
· Only Alt.3 is applicable to SA FR2+FR2 CA or NSA LTE+FR2+FR2 DC scenarios
The Alt3. seems the simplest and safest solution as it would work with the current Rel-15 signalling without modifications apart from new UE capability for non-simultaneous UL CA. This new UE capability would anyway be require for any mechanism as the default assumption for UL CA support has to be simultaneous transmission.  Alt1. BWP switch seems more complicated solutions especially as to our understanding it would require definition of a new special UL BWP, which would be ‘active BWP’ but ‘not used BWP’ to allow switching between the non-contiguous UL sub-blocks.  Alt2. seems to require new type of activation and deactivation procedures and signalling in RAN2 as UL and DL are activated and deactivated differently i.e. true simultaneous DL CA support but one (or more) of the corresponding UL carriers or sub-blocks is deactivated for non-simultaneous UL.
Observation: Alt3. seems the most feasible mechanism for non-simultaneous UL transmission as it would work with the current Rel-15 signaling. 
4	Conclusion
In this contribution we have provided more MPR simulation results, namely for cases where CCs have un-even BW and discussed possibilities how to define MPR
In this contribution we have also analysed different alternatives (Alt1., Alt2 and Alt.3) for non-simultaneous UL CA transmission listed in the WF [3].
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6	Appendix
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