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Introduction
In the RAN#92 e-meeting, it was decided that the specification of contiguous UL CA will be conducted under the intra-band basket WI while in RAN4#99e, a few agreements were already captured in a way forward [1]. In this contribution we discuss the need to reduce the number of cases to make the MPR/A-MPR cases manageable.
Discussion
In the NR intra-band CA basket WI the following has been captured for the introduction of NR-U UL CA: 
“Specify RF requirements for contiguous UL CA for shared spectrum channel access for both n46 and n96:
· including at least the 2 x 20 MHz and 2 x 80 MHz cases
· accounting for the regulatory requirements that apply in different regions (including the pending EU regulation for the 6 GHz range).  
· Agree on limit to the number of LBT sub-band case restrictions (Taking into account only contiguous sub-bands supported)”

In the following chapters we discuss the number of cases that may need to be studied and which restrictions could be applied to reduce the amount of work to a manageable size.

Given the complex technical matter involved it is suggested to cover this topic in the thread “Issues arising from basket WIs but not subject to block approval”, in order to provide full two-week meeting for discussions. 
Possible cases and current restrictions on cases
In way forward [1], the following is already agreed:
· Agreement for fully allocated Sub-bands for contiguous CC
· Only consider sub-bands being contiguous over 2CCs
· Study SEM for partially or fully allocated sub-bands for non-contiguous CCs
· Only consider contiguous sub-bands in each CC
· Options: 
· Consider restricting to contiguous sub-bands across the 2 CCs. (No unused sub-band between scheduled sub-bands in each CCs.)
· Apply NR-U wideband operation single carrier mask per CC
· Apply a composite mask for in-gap emissions between CCs using the least restrictive emission requirement for each CC
· Other options not precluded
Nevertheless, there are still a large number of combinations considering:
· 20/40/60/80 and soon 100MHz channel bandwidths and their combinations for single CC
· Wideband operation combinations of the two CCs
· CP-OFDM and DFT-s-OFDM waveforms
· Full allocation and interlaces at different number of RBs and RB start
· 4 different NS in n46
· 2 NS in n96 for The USA but soon more NS to consider European spectrum and regulation, Korea, Brazil, Canada and other to come

It is thus necessary to better understand what further restrictions are worth considering that are not limiting the feature.
Wideband operation
As an example of the possible cases to be considered for the combination of two contiguous channels under wideband operation, Table 1 denotes the number of cases for each 80MHz CC having only contiguous scheduled sub-bands. If there is a zero in the table it means that there are one or more unscheduled sub-band(s) between the scheduled sub-bands in each CCs and 1 if all scheduled sub-bands are contiguous across both CCs.
Table 1: 2CC combinations of wideband operation 80MHz channels with only contiguous scheduled sub-bands
	CC1/2
	0000
	1000
	0100
	0010
	0001
	1100
	0110
	0011
	1110
	0111
	1111

	0000
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1000
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0100
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0010
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0001
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	1100
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0110
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0011
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	1110
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0111
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	1111
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1



Observation on wideband operation of two 80MHz CCs: with each CC restricted to the agreed UL being only for contiguous scheduled sub-bands there are 121 possible cases, out of which only 36 do not have unscheduled sub-bands between the two CCs scheduled sub-bands. It is to be noted that some case are symmetrical.

Following the same principle, Table 2 looks only at cases that do not have unscheduled sub-bands between the two CCs scheduled sub-bands for a total of 2 (2x20MHz) to 10 (2x100MHz) sub-bands. A 1 denotes scheduled sub-bands out of the sum of possible sub-bands within 1 or 2CC.
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As can be seen from the above table, restricting to the cases where the scheduled sub-bands are contiguous across the two sub-bands results in a manageable set of cases to be studied. Some further simplification is possible as some cases are symmetrical; the orange cells are the symmetrical of the yellow cells.

Another advantage of restricting to the cases where transmitted sub-bands are contiguous across the two CCs is that the SEM mask can be constructed in the same way as single CC wideband operation cases without punctures and accommodate the image leakage issue which is present in a large number of cases.

Observation on ULCA of wideband operation CCs: Restricting to the cases where transmitted sub-bands are contiguous across the two CCs limits the number of cases (including accounting for symmetry) and facilitates the design of a SEM mask based on aggregated transmitted sub-bands.
Interlaces and full allocation
When considering in-band PSD, one aspect to consider is the type of waveform being used in each CC. For example, if one CC has full allocation and the other CC has a 1RB/10 waveform, the PSD limit will be depending on the fully allocated CC and A-MPR applied to the whole signal. 
Even if interlaces are used in each CC and a higher number of RB interlace is used in one CC, it will dictate the in-band PSD limit, but also will set the 0dBr level of the SEM mask. 
Furthermore, even if the same (say 1RB/10) interlace is used in each CC, one must also pay attention to the per MHz PSD at the inter-carrier space; since in most case the inter-carrier guard-band is less than 1.8MHz (the interlace 10RB repetition), the per MHz PSD could be higher locally if for example 1RB was transmitted at the highest position of the lower CC and 1RB transmitted at the lowest position of the higher CC. Again, this would set the in-band PSD limit and the 0dBr for the SEM mask. 
Figure 1 illustrates such issue with a 15kHz SCS 1RB/10 interlace in each CC and different positions, for the simplicity of the illustration, an inter CC gap of 4RB (0.72MHz); in reality the inter CC gap will be a multiple of 30KHz.
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Figure 1: in band PSD at the inter-CC location for 1RB/10 interlaces at different positions in each CC.
As shown here, in some cases the RB density can be 2x that of the designed interlace PSD at the inter-CC boundary which will dictate the in-band PSD limitation and the 0dBr. 
If the positions are restricted to the cases where the inter-CC PSD is the same or lower than the interlace PSD (i.e. the distance between the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is ≥ 1.8MHz), there is still flexibility in scheduling different RB start positions.
The SCC RBstart must just be restricted depending on the PCC RB position such that the designed in-band PSD uniformity of interlaces is not destroyed: same interlace order should be used in each CC and interlace position in each CC should be such that the per MHz PSD at the inter CC guard band is the same or lower than the designed interlace per MHz PSD.
In any case, since equal PSD/equal back-off between the CCs is assumed in MPR and A-MPR evaluation and should be representative of the link operation, restricting the two CCs to the same interlace order (number of scheduled RB per 10 RB) is the only practical option, but regarding out of band emissions, the worst case is when the two interlaces are aligned on the interlace grid of 10RB since the IMDs will coincide in frequency. For evaluation purpose, the interlace position can be further restricted to RB position such that the distance between the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is the closest to 1.8MHz.
Observation on allocation type in each CC: 
· To maintain the in-band PSD properties, the same allocation (full or interlace order) should be used in each CC and, in the case of interlaces RB start positions should be chosen such that the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is ≥ 1.8MHz
· For OOB emission evaluation, the RB start positions should be chosen such that the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is the closest to 1.8MHz
ULCA channel combinations and bonding rules
For ULCA it seems that the aggregated channels should still respect the Wi-Fi channel bonding rules. This means that the aggregated ULCA BW should be contained within the Wi-Fi channel of equal or higher. If all combinations of 20, 40 and 80MHz are worth considering, it may not be the case for some combinations of 60MHz and 100MHz channels. Table 2 looks at all the possible cases of contiguous UL CA channels and their relation to the channel bonding rule.
Table 2: possible NR-U contiguous UL CA aggregated channels and Wi-Fi channel bonding rule
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Observation on ULCA channel combinations:
· Some combinations have an aggregated bandwidth >160MHz but could be contained within an 802.11be 320MHz channel (that can be overlapping for 160MHz) in band n96 (not in n46)
· Only the non-overlapping 60+60 and 100+100 cases are feasible
· Depending on the number of 100MHz channels per 160MHz channels selected, some 40+100, 100+40, 60+100 and 100+60 combinations may not be feasible 
General and band specific requirements
As discussed in the introduction, there are a number of upcoming regulations for NR-U that would be difficult to cover within the initial UL CA work. Since this is supposed to tackle the general part of the specification, it should be sufficient to cover only one band-specific requirement as an example. It is therefore good to prioritize the UL CA work to the cases that were covered in the single CC feature and leave the other NS cases to the spectrum regulation specific WIs that are already agreed or treat as a second priority: Restrict initial A-MPR work to NS-28/29/30/31 in band n46 and NS-53/54 in band n96.
Proposals on case restrictions for NR-U contiguous UL CA
Based on the above discussions, the following restrictions are proposed for the UL CA work.
Proposal on NR-U ULCA cases:
· #1 Wideband operation in each CC is restricted to cases where transmitted sub-bands are contiguous across the two CCs
· #2 Same waveform type is used in each CC: CP-OFDM+CP-OFDM or DFT-s-OFDM+DFT-s-OFDM
· #3 Same allocation type is used in each CC:
· #3a Full+Full or Interlace+Interlace with same number of RB per 10RB in each CC, furthermore, RB start positions are chosen such that the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is ≥ 1.8MHz
· #3b For MPR/A-MP evaluation purpose, it is further restricted to RB start positions are chosen such that the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is the closest to 1.8MHz
· #4 All channel bandwidth combination should be considered but it should meet the channel bonding rule such that the aggregated channel BW is contained with the WIFI channel of same or higher channel BW.
· Low priority on >160MHz aggregated bandwidth aligning with 320MHz 802.11be half-overlapping channels in n96 (not applicable in n46)
· Consider limitations for 60+60 and 100+100 cases and potential limitations for 40+100/100+40/60+100/100+60 cases
· #5 Prioritize the study of the general case and NS-28/29/30/31 in n46 and NS-53/54 for the introduction of NR-U contiguous ULCA feature
· Other NS can be studied within the already agreed spectrum specific NR-U WIs or as a second priority once the single CC related work is finalized
Transmitter architecture for NR-U contiguous UL CA
Like for NR contiguous UL CA, the baseline architecture should use a single transmit chain and LO to transmit the contiguous CCs for PC5. Given the higher frequency involved, there should be less bandwidth limitations.Therefore 2Tx and 2LO architecture is less necessary to support in NR-U PC5 (and 1LO 2PA needed for PC3) and if enabled, it shall use the same MPR than the baseline architecture and it is for further discussion whether two LO leakage exceptions shall be allowed (and related signaling).

Proposal on PC5 contiguous UL CA architecture:
· Single transmit chain with 1LO is the baseline architecture used to derive MPR tables, one LO leakage exception is specified
· If accommodated for > 100MHz aggregated BW two Transmit chains, two LO architecture shall use same MPR table than baseline architecture and FFS if two LO leakage exceptions are specified
SEM for NR-U contiguous UL CA
In way forward [1], the SEM requirement for fully allocated sub-bands for contiguous CC is already agreed, but not for the partially allocated wideband operation case. 

It is suggested that one could use the aggregated SEM mask of each CC, but usually for contiguous UL CA, a single mask is adopted based on the aggregated bandwidth as it is already agreed for fully allocated sub-bands. With the restriction to transmitted sub-bands that are contiguous across the two CCs, a single SEM mask can be adopted using the same rules than for partially scheduled sub-band single CC SEM as described in 38.101-1 section 6.5F.2.2.1 “Spectrum emission mask for non-transmitted channels”:
· OOB part of the mask is based on the aggregated channel bandwidth
· In-band 0dBr part is based on the aggregated contiguous scheduled sub-bands bandwidth
· In-band mask is floored at -28dBr to account for image leakage like for wideband operation single CC case
· One exception for carrier leakage is allowed

Proposal on contiguous UL CA SEM for partially allocated sub-bands:
· SEM is defined only for cases where transmitted sub-bands are contiguous across the two CCs
· Under this assumption and the transmitter architecture proposal, a single SEM mask can be defined using rules as defined in 38.101-1 section 6.5F.2.2.1 “Spectrum emission mask for non-transmitted channels”
· OOB part of the mask is based on the aggregated channel bandwidth
· In-band 0dBr part is based on the aggregated contiguous scheduled sub-bands bandwidth
· In-band mask is floored at -28dBr to account for image leakage like for wideband operation single CC case
· One exception for carrier leakage is allowed
Conclusions
In this contribution, we discuss the large amount of cases to consider for NR-U contiguous UL CA and we propose a number of restrictions that make the work manageable without impacting the feature performance and flexibility unreasonably.

Proposal on NR-U ULCA cases:
· #1 Wideband operation in each CC is restricted to cases where transmitted sub-bands are contiguous across the two CCs
· #2 Same waveform type is used in each CC: CP-OFDM+CP-OFDM or DFT-s-OFDM+DFT-s-OFDM
· #3 Same allocation type is used in each CC:
· #3a Full+Full or Interlace+Interlace with same number of RB per 10RB in each CC, furthermore, RB start positions are chosen such that the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is ≥ 1.8MHz
· #3b For MPR/A-MP evaluation purpose, it is further restricted to RB start positions are chosen such that the lower edge of the highest allocated RBs in lower CC and the lower edge of the lowest allocated RBs in upper CC is the closest to 1.8MHz
· #4 All channel bandwidth combination should be considered, but it should meet the channel bonding rule such that the aggregated channel BW is contained with the WIFI channel of same or higher channel BW.
· Low priority on >160MHz aggregated bandwidth aligning with 320MHz 802.11be half-overlapping channels in n96 (not applicable in n46)
· Consider limitations for 60+60 and 100+100 cases and potential limitations for 40+100/100+40/60+100/100+60 cases
· #5 Prioritize the study of the general case and NS-28/29/30/31 in n46 and NS-53/54 for the introduction of NR-U contiguous ULCA feature
· Other NS can be studied within the already agreed spectrum specific NR-U WIs or as a second priority once the single CC related work is finalized

Based on the above restrictions, the following proposals are made in terms of baseline architecture and SEM requirement.

Proposal on PC5 contiguous UL CA architecture:
· Single transmit chain with 1LO is the baseline architecture used to derive MPR tables, one LO leakage exception is specified
· If accommodated for > 100MHz aggregated BW two Transmit chains, two LO architecture shall use same MPR table than baseline architecture and FFS if two LO leakage exceptions are specified

Proposal on contiguous UL CA SEM for partially allocated sub-bands:
· SEM is defined only for cases where transmitted sub-bands are contiguous across the two CCs
· Under this assumption and the transmitter architecture proposal, a single SEM mask can be defined using rules as defined in 38.101-1 section 6.5F.2.2.1 “Spectrum emission mask for non-transmitted channels”
· OOB part of the mask is based on the aggregated channel bandwidth
· In-band 0dBr part is based on the aggregated contiguous scheduled sub-bands bandwidth
· In-band mask is floored at -28dBr to account for image leakage like for wideband operation single CC case
· One exception for carrier leakage is allowed
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