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1 Introduction
[bookmark: OLE_LINK1]In last RAN#99 meeting, RAN task RAN4 [1] to assess RAN4 specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL, which are:
	[bookmark: OLE_LINK29][bookmark: OLE_LINK22]Task RAN4 to assess the additional, if any, RAN4 specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL; report to RAN#100 with the goal of striving for potential normative work supporting the case where a UE is configured with two serving cells, each with SUL
[bookmark: OLE_LINK15][bookmark: OLE_LINK41]E.g., whether back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier could be supported without any switching period, or 
E.g., whether it is only feasible to support such configuration in the UL Tx switching framework with UE capability based switching period
Example band combinations are referred to in RP-223553 (RP-230719)
Further check the status in RAN#100


There are several NR CA band combinations with two SUL cells are incorporated in the WID[2], which are:
Table 1: NR Inter-band CA with two SUL cells
	NR CA
Configuration
	[bookmark: OLE_LINK99]Uplink CA
configuration or SUL configuration
	Power Class
	contact
name, company
	Contact email
	other supporting companies
(min. 3)

	[bookmark: OLE_LINK94]CA_SUL_n41A-n95A_SUL_n79A-n98A
	[bookmark: OLE_LINK21]SUL_n41A-n95A
SUL_n79A-n98A
CA_n41A-n79A
	PC3
	Xiaoran HANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon

	CA_SUL_n41A-n98A_SUL_n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A
	PC3
	Xiaoran HANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon

	CA_SUL_n41A-n83A_SUL_n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
	PC3
	Xiaoran HANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon

	CA_SUL_n41A-n83A_SUL_n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n95A
CA_n41A-n79A
	PC3
	Xiaoran HANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon

	CA_n78C_n81A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C
	PC3
	Lei GAO, China Telecom
	gaol8@chinatelecom.cn
	China Unicom, Huawei, HiSilicon

	CA_n78C_n80A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C
	PC3
	Lei GAO, China Telecom
	gaol8@chinatelecom.cn
	China Unicom, Huawei, HiSilicon

	CA_n78C_n84A-n89A
	SUL_n78A-n84A   
SUL_n78A-n89A
CA_n78C
	PC3
	Basaier Jialade, China Unicom
	basejld@chinaunicom.cn
	China Telecom, Huawei, Hisilicon


Meanwhile, there was a NOTE2 to explain the UL configuration on the two SUL band in the second column: 
NOTE 2: No simultaneous uplink configuration on the two SUL bands according to Table 1.
[bookmark: OLE_LINK38][bookmark: OLE_LINK36]In terms of [1], while there is different understanding on the NOTE 2 in the perspective of whether simultaneous uplink configuration on two SUL bands is allowed, at least there should be common understanding that ‘Simultaneous transmission on SUL carrier and on another uplink is not allowed’ when the WID was approved. Meanwhile, the potential RAN4 specification impacts to support the goal of simultaneous configuration are unclear. Hence, RAN tasked RAN4 to study the relevant impacts.
[bookmark: OLE_LINK43][bookmark: OLE_LINK59][bookmark: OLE_LINK98][bookmark: OLE_LINK4]In this contribution, we provide our assessment on the RAN4 specification impact for a UE configured with two serving cells, each with SUL.
2	Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK24][bookmark: OLE_LINK12][bookmark: OLE_LINK66]2.1 Switching period
[bookmark: OLE_LINK18][bookmark: OLE_LINK26][bookmark: OLE_LINK11]In Rel-16/17 UL Tx switching for 2 bands, there were several switching periods defined, i.e. 35us, 140us, 210us, which depends on whether PLL and/or whole RF chain are changed. For Rel-18 UL switching period with Tx switching cross 3 or 4 bands, RAN4 had already agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL [3].
[bookmark: OLE_LINK7][bookmark: OLE_LINK14][bookmark: OLE_LINK8]In addition, RAN4 also reached agreements on switching period for a band pair within a band combination supporting Rel-16/17 2 band switching and Rel-18 Tx switching among 3/4 bands [4], which is: 
	· [bookmark: OLE_LINK13][bookmark: OLE_LINK42][bookmark: OLE_LINK39][bookmark: OLE_LINK10]For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations.
· Note 1: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.
· [bookmark: OLE_LINK34]Note 2: here the band pair is a pair of bands within which there is a switching with a switching period.


It should be noted that the above agreements apply to both switchedUL and DualUL switching modes.
Although the switching period for a band pair supporting Tx switching among 3/4 bands can be different from the switching period for Rel-16/17 2-band switching, the switching period value are still within the candidate values of {35 us, 140 us, 210 us}. It is clear that 0us switching period is not supported in both Rel-16/17 2 bands Tx switching and Rel-18 Tx switching among 3/4 bands.
[bookmark: OLE_LINK19][bookmark: OLE_LINK100][bookmark: OLE_LINK27][bookmark: OLE_LINK101][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK53][bookmark: OLE_LINK25][bookmark: OLE_LINK31][bookmark: OLE_LINK102][bookmark: OLE_LINK37][bookmark: OLE_LINK35]For this bullet, ‘whether back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier could be supported without any switching period’, here the ‘without any switching period’ can be interpreted as 0us switching period, and back-to-back transmission means the continuous transmission between two carriers in the time domain, which means no UL Tx interruption happen due to non-zero switching period. For back-to-back transmissions between two SUL carriers or between SUL carrier and non-corresponding NUL carrier, such as the SUL configurations: SUL_n41A-n95A, SUL_n79A-n98A and CA_n41A-n79A, the two SUL band combinations involved in UL switching are SUL_n41A-n95A and SUL_n79A-n98A, the switching behaviour may include the switching between two SUL band or between SUL and NUL band, i.e. n95->n98 or n95->n79. In this case, the length of switching period for these two scenarios should also reuse the same set of values as {35 us, 140 us, 210 us}, which means switching period shall not equal to 0us. 
[bookmark: OLE_LINK20]Therefore, due to 0us switching period is not supported for both R16/17 and R18 UL switching, band pair within a band combination supporting Rel-16/17 and R18 Tx switching could not be supported with 0us switching period. Here the conception of band pair is the defined in the Note 2 above.
[bookmark: OLE_LINK56][bookmark: OLE_LINK40][bookmark: OLE_LINK44]Observation 1: For both R16/17 and R18 UL switching, the length of UL switching for the band pair are the same set of values as {35 us, 140 us, 210 us}, and 0us switching period is not supported, which means the band pair within a band combination supporting Rel-16/17 and R18 Tx switching could not be supported with 0us switching period.
2.2 RAN4 spec status/impact
[bookmark: OLE_LINK60][bookmark: OLE_LINK93]We give some brief discussions on the inter-band NR CA/SUL band combination in current TS38.101-1 spec first, and then analyze the possible impacts on existing requirements in the TS38.101-1 spec in the case of UE configured with two serving cells, each with SUL.
[bookmark: OLE_LINK52][bookmark: OLE_LINK50]For a high order band combination like 3 bands DL CA or SUL, usually there were several UL CA or SUL configurations in the UL. For pure NR CA combination, for example, CA_n1A-n3A-n5A with PC3 UL configurations (entries) are PC3 CA_n1A-n3A, CA_n1A-n5A and CA_n3A-n5A, and the associated maximum output power for the three UL configurations are defined in Table 2 and Table 3 as below, respectively.
[bookmark: OLE_LINK49][bookmark: OLE_LINK48]Table 2. NR CA configurations and bandwidth combinations sets defined for inter-band CA (Extracted from Table 5.5A.3.2-1 in TS38.101-1)
	NR CA configuration
	Uplink CA configuration
or single uplink carrier6
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n1A-n3A-n5A
	[bookmark: OLE_LINK45]CA_n1A-n3A
[bookmark: OLE_LINK46]CA_n1A-n5A
[bookmark: OLE_LINK47]CA_n3A-n5A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n3
	5, 10, 15, 20, 25, 30, 40, 50
	

	
	
	n5
	5, 10, 15, 20
	


Table 3. UE Power Class for uplink inter-band CA (two bands)  (Extracted from Table 6.2A.1.3-1 in TS38.101-1)
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	CA_n1A-n3A
	
	
	
	
	23
	+2/-3
	
	

	CA_n1A-n5A
	
	
	
	
	23
	+2/-3
	
	

	CA_n3A-n5A
	
	
	
	
	23
	+2/-3
	
	


[bookmark: OLE_LINK78]It can be seen that the maximum output power is defined for each UL CA configuration including only two bands, and for each UL CA configuration, the power class is PC3, which means UE’s uplink can only be configured one of the UL configurations (entries) defined in the ‘Uplink CA configuration’ column. It shall be noted there is no UL CA configuration including 3 FR1 bands.
[bookmark: OLE_LINK57][bookmark: OLE_LINK74]Observation 2: For NR inter-band CA, the maximum output power requirements are defined for each supported UL CA configuration including only two bands.
[bookmark: OLE_LINK54][bookmark: OLE_LINK58]For SUL combination, unlike inter-band NR CA combination, there is no table included in the spec to explicitly define the maximum output power for SUL configuration. That is mainly because for a terminal that supports SUL combination, the current TS38.101-1 specification assumes the terminal is configured with active transmission either on UL carrier or SUL carrier at any time in one serving cell and the UE requirements for single carrier shall apply for the active UL or SUL carrier accordingly. In the other words, there is only single UL in the uplink for the current SUL combinations defined in TS38.101-1 v18.1.0 version, then the maximum output power requirement of single band can be applied to each constitute band, this is aligned with the analysis in the TR 37717-00-00 [5]. For example for SUL combination CA_n41A_SUL_n79A-n83A, the maximum output power is:
	[bookmark: _Toc104375594]5.10	CA_n41_SUL_n79-n83
<....>
[bookmark: _Toc104375597]5.10.3	Maximum output power
There is only single UL in uplink so the requirement for each band in clause 6.2.1 from 38.101-1 is applicable.


[bookmark: OLE_LINK73]Observation 3: For SUL combination, the maximum output power requirement of single band is applied to each constituted band.
[bookmark: OLE_LINK84]In general, the content of the maximum output power for band combination is included in the basket WID TR although it is not clearly mentioned in the objectives in the WID. Also, it can be considered as band combination specific requirement, which means it will be introduced case by case when the band combinations are introduced.
Observation 4: The maximum output power requirement is band combination specific requirement which is involved in the basket WID work. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK79][bookmark: OLE_LINK64][bookmark: OLE_LINK63][bookmark: OLE_LINK76][bookmark: OLE_LINK75]However, for the requirements of Configured transmitted power for Inter-band CA, the term of PPowerClass,CA is involved in the PCMAX_L/PCMAX_H  formulas, which is:
	[bookmark: _Toc76509133][bookmark: _Toc29802807][bookmark: _Toc45888720][bookmark: _Toc29801758][bookmark: _Toc45888121][bookmark: _Toc37251315][bookmark: _Toc21344272][bookmark: _Toc61367365][bookmark: _Toc68230689][bookmark: _Toc75467111][bookmark: _Toc84404942][bookmark: _Toc76718123][bookmark: _Toc36107549][bookmark: _Toc69084102][bookmark: _Toc29802182][bookmark: _Toc83580433][bookmark: _Toc84413551][bookmark: _Toc61372748]6.2A.4.1.3	Configured transmitted power for Inter-band CA
[bookmark: OLE_LINK67]For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX.
....
The total configured maximum output power PCMAX shall be set within the following bounds:
[bookmark: OLE_LINK70]	PCMAX_L ≤ PCMAX ≤ PCMAX_H
[bookmark: OLE_LINK105]For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
[bookmark: OLE_LINK3][bookmark: OLE_LINK51]PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
where
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
[bookmark: OLE_LINK61][bookmark: OLE_LINK65]-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates higherPowerLimit-r17 for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.


[bookmark: OLE_LINK69][bookmark: OLE_LINK113][bookmark: OLE_LINK112][bookmark: OLE_LINK114][bookmark: OLE_LINK77][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK116][bookmark: OLE_LINK115][bookmark: OLE_LINK117][bookmark: OLE_LINK123][bookmark: OLE_LINK83]For UL CA, total configured maximum output power PCMAX requirements are defined for all aggregated serving cells. For the two bands UL CA configurations like nXA-nYA, where only 1CC defined in each band, so there are only two aggregated serving cells. For a UL configuration, the PPowerClass,CA is the maximum UE power used to be one of the capping parameters to limit the upper range of PCMAX_L/PCMAX_H, and requirements for PPowerClass,CA may be different for different UL CA configurations. In addition, the other parameters like mprc, ∆mprc, and tIB,c etc. are the corresponding requirements of each serving cell. For the two bands UL CA configurations, a-mpr and tIB,c requirements may be different for the constituted band/carrier in different UL CA configurations like nXA-nYA and nXA-nZA.
[bookmark: OLE_LINK2]Observation 5: For NR inter-band UL CA, the requirements for PPowerClass,CA, a-mpr and tIB,c may be different for different UL CA configurations.   
[bookmark: OLE_LINK82][bookmark: OLE_LINK81][bookmark: OLE_LINK85][bookmark: OLE_LINK87][bookmark: OLE_LINK86]Unlike inter-band UL CA, for the requirements of Configured transmitted power for SUL, the configured transmit power requirements for the corresponding NUL carrier and SUL carrier are applied, which means there are no Configured transmitted power requirements for SUL defined for two bands supporting simultaneous Tx.
	[bookmark: _Toc69084118][bookmark: _Toc76718140][bookmark: _Toc45888736][bookmark: _Toc76509150][bookmark: _Toc45888137][bookmark: _Toc68230705][bookmark: _Toc21344279][bookmark: _Toc29801765][bookmark: _Toc61367381][bookmark: _Toc29802189][bookmark: _Toc37251322][bookmark: _Toc29802814][bookmark: _Toc84413568][bookmark: _Toc61372764][bookmark: _Toc36107556][bookmark: _Toc83580450][bookmark: _Toc75467128][bookmark: _Toc84404959][bookmark: _Hlk508786183]6.2C.1	Configured transmitted power for SUL
[bookmark: OLE_LINK80]When a UE is configured with both NR UL and NR SUL carriers in a serving cell with active transmission either on the UL carrier(s) or SUL carrier, the configured transmit power requirements specified in clause 6.2.4 and 6.2A.4 are applicable for the UL carrier(s) and the SUL carrier, respectively.


[bookmark: OLE_LINK90][bookmark: OLE_LINK118][bookmark: OLE_LINK88][bookmark: OLE_LINK119]Observation 6: For SUL, the configured transmit power requirements for the corresponding NUL carrier and SUL carrier are applied, and there are no Configured transmitted power requirements for SUL defined for two bands supporting simultaneous Tx.
[bookmark: OLE_LINK91][bookmark: OLE_LINK89][bookmark: OLE_LINK92][bookmark: OLE_LINK122]It shall be noted that the configured transmitted power requirement for inter-band UL CA/SUL are not band combination specific requirements, instead they belong to general requirements, which means these requirements are band combination agnostic and applied for all band combinations. In terms of the previous agreements, general requirements study cannot be in the scope of a basket WID. In the other words, if there are general requirements impacted, basket WID cannot be generated.
[bookmark: OLE_LINK109][bookmark: OLE_LINK108]Observation 7: Configured transmitted power requirements are general requirements which are applied for all band combinations, and it is out of the scope of basket WID.
In the case of UE configured with two serving cells, each with SUL, the number of the band configured in the UL configuration would increase. For example, for NR CA configuration CA_SUL_nXA-nWA_SUL_nYA-nZA, wherein the nX and nY are NR UL bands, and nW and nZ are SUL bands, so the UL configurations includes:
· [bookmark: OLE_LINK103][bookmark: OLE_LINK106]Uplink CA configuration: CA_nXA-nYA
· [bookmark: OLE_LINK104]SUL configuration: SUL_nXA-nWA and SUL_nYA-nZA
The traditional way is to configure each UL configurations at one time, and each UL configurations includes two band. In this case, the existing requirements for inter-band UL CA and SUL can be applied for CA_nXA-nYA and SUL_nXA-nWA/SUL_nYA-nZA, respectively. The impacts on the specification are all band combinations specific requirements, which can be discussed/defined case by case for the band combination in the basket WID.
[bookmark: OLE_LINK107][bookmark: OLE_LINK120]However, in the case of the UE configured with two serving cells, each with SUL, which is to combine any two or more original UL configuration as ‘new’ UL configuration, where the ‘new’ UL configuration includes four bands when combine SUL_nXA-nWA and SUL_nYA-nZA configurations. In this case, all of the four bands would be supported/configured in the UL configuration, it is somehow equivalent to the DL configuration of CA_SUL_nXA-nWA_SUL_nYA-nZA. Due to number of the configured bands in the UL configuration increases, then the maximum output requirements for the band combination would be needed to be changed accordingly, because the original configured transmit power requirements (e.g., PPowerClass,CA, a-mprc and tIB,c) for UL CA or SUL are not applicable anymore. 
[bookmark: OLE_LINK110]Although all of the band combination associated with the UL configurations are requested in the basket WID, the general requirements of configured transmitted power for inter-band CA or SUL would be needed to be changed, which need more discussion.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97]Observation 8: The general requirements of Configured transmitted power for inter-band CA or SUL are needed to be changed in the case of a UE configured with two serving cells, each with SUL.
Due to the general requirements of configured transmitted power for inter-band CA or SUL will be impacted, it is more appropriate to carry out the related study on the general requirements in a new WID instead of the current basket WID, if there is consensus on introducing the support of the case where a UE is configured with two serving cells, each with SUL.
3 Conclusion
[bookmark: OLE_LINK6]In this meeting, we provide our assessment on the RAN4 specification impact for a UE configured with two serving cells, each with SUL. The conclusions are:
Observation 1: For both R16/17 and R18 UL switching, the length of UL switching for the band pair are the same set of values as {35 us, 140 us, 210 us}, and 0us switching period is not supported, which means the band pair within a band combination supporting Rel-16/17 and R18 Tx switching could not be supported with 0us switching period.
Observation 2: For NR inter-band CA, the maximum output power requirements are defined for each supported UL CA configuration including only two bands.
Observation 3: For SUL combination, the maximum output power requirement of single band is applied to each constitute band
Observation 4: The maximum output power requirement is band combination specific requirement which is involved in the basket WID work. 
Observation 5: For NR inter-band UL CA, the requirements for PPowerClass,CA, a-mpr and tIB,c may be different for different UL CA configurations. 
Observation 6: For SUL, the configured transmit power requirements for the corresponding NUL carrier and SUL carrier are applied, and there are no Configured transmitted power requirements for SUL defined for two bands supporting simultaneous Tx.
Observation 7: Configured transmitted power requirements are general requirements which are applied for all band combinations, and it is out of the scope of basket WID.
Observation 8: The general requirements of Configured transmitted power for inter-band CA or SUL are needed to be changed in the case of a UE configured with two serving cells, each with SUL.
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