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In RAN#94-e meeting, a new work item on Multi-carrier enhancements was approved for Rel-18 and revised in RAN#95-e meeting [1]. One of the objectives of this WI is to study and if necessary support UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs. The details of the objective are shown below.
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed


In this contribution, our analyses and views on the Rel-18 UL Tx switching are provided, including clarification on scenarios, the framework for Rel-18 UL TX switching and multiple TAGs. 
Overviews
Clarification on the scenarios
In Rel-16, UL Tx switching was specified for CA, standalone SUL and EN-DC with two inter-band uplink carriers. In Rel-17, UL Tx switching was enhanced to support the following new features.
1. 2T-2T UL Tx switching for inter-band CA with one carrier on each of the two bands;
2. 1T-2T UL Tx switching for inter-band CA with two intra-band contiguous carriers on one of the two bands;
3. 2T-2T UL Tx switching for inter-band CA with two intra-band contiguous carriers on one of the two bands;
4. 2T-2T UL Tx switching for SUL with one carrier on each of the two bands, where one carrier in one band is NUL and another carrier in the other band is SUL;
5. 1T-2T UL Tx switching for SUL with two intra-band contiguous carriers on the band containing NUL;
6. 2T-2T UL Tx switching for SUL with two intra-band contiguous carriers on the band containing NUL;
Unlike Rel-16/Rel-17 UL Tx switching, the scenarios of Rel-18 multi-carrier UL operation is not clearly defined in the WID. To avoid further confusion, it is beneficial to clarify the target scenarios first. 
CA (including both intra-band CA and inter-band CA) has been commonly deployed in 5G, especially for operators who own more than one band. For UEs supporting 3 or 4 bands, to fully enjoy the benefits of configuring more UL bands than its simultaneous transmission capability, it is necessary to support 2 Tx simultaneous transmission on two bands instead of limiting to 1Tx simultaneous transmission on one band. In this sense, it is straightforward that UE supporting UL Tx switching schemes across up to 3 or 4 bands requires legacy inter-band CA as the prerequisite capability. In Rel-16/Rel-17, both Option1 (switched UL) and Option2 (dual UL) has been specified for UL Tx switching for CA. Among Option1 and Option2, Option2 should be prioritized to fully enjoy the benefits of configuring more UL bands than its simultaneous transmission capability.
Proposal 1: UE supporting Rel-18 UL Tx switching schemes across up to 3 or 4 bands requires support of legacy inter-band CA for at least two of the bands. 
Observation 1: In order to fully enjoy the benefits of configuring more UL bands than its simultaneous transmission capability, prioritize CA (especially CA Option2) for Rel-18 UL Tx switching across up to 3 or 4 bands.
If CA is the prerequisite capability for UL Tx switching schemes across up to 3 or 4 bands, then the motivation and necessity to further support SUL is not clear from our perspective. As shown in Figure 1, ‘pure CA’ means all the uplink carriers are aggregated via CA.  ‘CA+1SUL’ means only one of the aggregated cells contains one SUL. From our perspective, ‘pure CA’ case should be prioritized and more justification is needed for ‘CA+1SUL’ considering that CA is the prerequisite capability for UL Tx switching schemes across up to 3 or 4 bands.
Regarding the ‘CA+2SUL’, it only exists in the 4 bands case. In this case, there are 2 cells and each of the cell contains one SUL. In total, there are two SUL carriers. If UE can already support CA since CA is the prerequisite capability for UL Tx switching schemes across up to 3 or 4 bands, the benefits or motivations to support ‘CA+2SUL’ is not clear to us. More justification is needed. In addition, RAN1 has never discussed this 2 SUL case before. From our perspective, this is trying to extend the SUL framework. Furthermore, this case only exists for the 4 bands case, which is conflicting with the requirement of defining a common solution for 3 bands case and 4 bands case as noted in the WID. Thus, from our perspective, RAN1 should focus on the “Pure CA” and “CA+1SUL” case in this WI.
Observation 2: Compared with CA, the benefits or motivations to support ‘CA+2SUL’ are not clear especially considering that ‘CA+2SUL’ requires inter-band CA as the prerequisite.
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Figure 1: Potential candidate scenarios for Rel-18 multi-carrier operation.
Clarification on a carrier without corresponding DL carrier
In the WID, a term “a carrier without corresponding DL carrier” is mentioned. Also, companies discussed this issue during RAN#94-e meeting [2]. It is beneficial to clarify the detailed meaning of “a carrier without corresponding DL carrier” before jumping into the detailed solution discussion.
There are at least the following interpretations of the term “a carrier without corresponding DL carrier”.
· Alt.1: The legacy Rel-15/16/17 SUL operation with no further enhancement.
· Alt.2: New interpretations as discussed during RAN#94-e meeting.
Alt.2-1: Multi-band serving cell, where one cell containing more than one uplink carriers without corresponding DL carrier.
Alt.2-2: One Cell only contains uplink carrier but without DL carrier (i.e., UL-only cell). The scheduling of UL-only cell can be done via another cell containing both DL carrier and uplink carrier.
Regarding Alt.2-1, since the WID has clearly noted that this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL, it seems we can exclude Alt.2-1 first.
Regarding Alt.2-2, basically, it is based on CA framework to support“a carrier without corresponding DL carrier”. The main motivations to support UL-only cell are as following.
1. Support asymmetric traffic where UEs have uplink-heavy traffic but with light downlink traffic. In this case, network can configure UL-only cell for these UEs.
2. Leverage the band where only uplink transmission is allowed and downlink transmission is restricted e.g. due to regulation.
The spec impacts for Alt.2-2 can be minimal since the CA framework can be largely reused and cross-carrier scheduling mechanism can be reused for scheduling of UL-only cell. Take Figure 2 as an example, Cell A @ 2.5GHz contains both DL carrier and UL carrier, Cell B @ 2.3GHz only contains UL carrier (i.e., uplink carrier2). The downlink carrier1 of Cell A is used for scheduling uplink on uplink carrier2. 
Proposal 2: Support UL-only cell (a cell only contains UL carrier but without DL carrier) for multi-carrier UL operation.
UL-only cell is also related to the discussion of SSB-less cell in case of inter-band CA. If SSB is not mandatory for a SCell in case of inter-band CA, then this SCell can be an UL-only cell since all the other DL signals/channels are optional. 
Observation 3: If SSB is not mandatory for a SCell in case of inter-band CA, then this SCell can be an UL-only cell since all the other DL signals/channels are optional.
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Figure 2: An example of UL-only cell.
Framework for Rel-18 UL Tx switching
For the Rel-18 UL Tx switching, there could be two potential frameworks to achieve the objective. 
· Framework#1: Network can indicate any UL carrier among the 3/4 bands for UL transmission
· Framework#2: Network indicates 2 out of 3/4 bands for the subsequent UL transmission
Framework#1 can be regarded as the similar scheme used in Rel-16/17 UL Tx switching, where new tables for different cases for 3 or 4 bands are first defined respectively and then identify each switching case and potential ambiguity issues respectively. Framework#2 is designed with the intention of reusing Rel-16/17 UL Tx switching as much as possible. With framework#2, gNB first indicates the cells within up to 2 bands for subsequent UL transmission, and then Rel-16/17 UL Tx switching can be performed within the 2 bands until next gNB indication. Each framework will be discussed in the section 3.1 and 3.2 respectively, and with a comparison in section 3.3.
Framework#1: Indicating any UL carrier for UL transmission
UL Tx Switching for 3 bands
Similar as Rel-16/17, under framework #1, we should first identify the scenarios that should be supported in Rel-18 for UL Tx switching for up to 4 bands. Take 3 bands as an example, the following cases listed in Table 1 should be considered.

Table 1: Cases for UL Tx switching with 3 bands
	
	Number of Tx Chains
(Band A + Band B + Band C)

	Case 1-1
	1T+1T+0T

	Case 1-2
	0T+1T+1T

	Case 1-3
	1T+0T+1T

	Case 2-1
	2T+0T+0T

	Case 2-2
	0T+2T+0T

	Case 2-3
	0T+0T+2T



Following the design principle of Rel-17, many scenarios should be considered under different combinations of supported (number of Tx per band, number of carriers per band). Figure 3 illustrates the possible scenarios when taking different combinations into account. We propose that we should first identify which scenarios are to be supported in Rel-18 with higher priority.
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Figure 3: Possible scenarios for UL Tx Switching with 3 bands
For different scenarios, the mapping of Tx chains and antenna ports may be different. We may need to define the mapping case by case. Take CA with Option 2 under 3 bands with 2Tx-2Tx-2Tx chain configuration with one carrier per band as an example, the mapping of Tx chains and antenna ports may be defined as Table 2.
Table 2: Mapping of Tx chains and antenna ports for UL Tx Switching with 3 bands for CA with Option 2
	
	Number of Tx Chains
(Band A + Band B + Band C)
	Number of antenna ports for UL transmission
Band A(Carrier 1)+Band B(Carrier 2)+Band C(Carrier 3)

	Case 1-1
	1T+1T+0T
	1P+0P+0P, 1P+1P+0P, 0P+1P+0P

	Case 1-2
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P

	Case 1-3
	1T+0T+1T
	1P+0P+0P, 1P+0P+1P, 0P+0P+1P

	Case 2-1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2-2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P

	Case 2-3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P



Although the mapping of Tx chains and antenna ports should be defined case by case, the UE behavior defined in Rel-16/17 can be reused for most of the switching cases, except the switching among Case 1-x (x=1,2,3). More specifically, a new switching case should be defined for Rel-18.
· For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on at least one of the other two carriers on the corresponding other two bands and the UE is under the operation state in which 2-port transmission cannot be supported on the same uplink carrier, then a switching gap is required.
Another issue is the potential ambiguity issue. Compared to Rel-17, the ambiguity issue in Rel-18 is more complex. As highlighted in Table 2, if UL Tx switching is triggered for 1-port transmission on Carrier 1 on Band A, (i.e. 1P+0P+0P in Table 2), the state of Tx chain to support such transmission can be in Case 1-1, Case 1-3 or Case 2-1. And the preceding transmission for such switching also includes several cases. Figure 4 shows the possible transitions for different preceding transmission. The situation may be more complex for 4 bands.
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Figure 4: Possible UL Tx switching for 1-port transmission on Carrier 1 on Band A.
UL Tx Switching for 4 bands
Similar to the analysis for 3 bands, the situation for 4 bands will be more complex. First of all, the following cases listed in Table 3 should be considered.
Table 3: Cases for UL Tx switching with 4 bands
	
	Number of Tx Chains
(Band A + Band B + Band C+Band D)

	Case 1-1
	1T+1T+0T+0T

	Case 1-2
	0T+1T+1T+0T

	Case 1-3
	0T+0T+1T+1T

	Case 1-4
	1T+0T+0T+1T

	Case 1-5
	1T+0T+1T+0T

	Case 1-6
	0T+1T+0T+1T

	Case 2-1
	2T+0T+0T+0T

	Case 2-2
	0T+2T+0T+0T

	Case 2-3
	0T+0T+2T+0T

	Case 2-4
	0T+0T+0T+2T


 
And some scenarios as shown in Figure 5 may need to be considered for UL Tx switching for 4 bands. Note that not all possible scenarios are listed in Figure 5.
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Figure 5: Possible scenarios for UL Tx Switching with 4 bands
For different scenarios, the mapping of Tx chains and antenna ports may be different. We may need to define the mapping case by case. Take CA with Option 2 under 4 bands with 2Tx-2Tx-2Tx-2Tx chain configuration with one carrier per band as an example, the mapping of Tx chains and antenna ports may be defined as Table 4.
Table 4: Mapping of Tx chains and antenna ports for UL Tx Switching with 4 bands for CA with Option 2
	
	Number of Tx Chains
(Band A + Band B + Band C+Band D)
	Number of antenna ports for UL transmission
Band A(Carrier 1)+Band B(Carrier 2)+Band C(Carrier 3) +Band D (Carrier 4)

	Case 1-1
	1T+1T+0T+0T
	1P+0P+0P+0P, 1P+1P+0P+0P, 0P+1P+0P+0P

	Case 1-2
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 1-3
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P

	Case 1-4
	1T+0T+0T+1T
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 1-5
	1T+0T+1T+0T
	1P+0P+0P+0P, 1P+0P+1P+0P, 0P+0P+1P+0P

	Case 1-6
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 2-1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2-2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P

	Case 2-3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 2-4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P


Similar to 3 bands, new switching case should also be introduced for 4 bands when 1-port transmission is triggered on a carrier on a band and the preceding transmission was 1-port transmission on at least one of the other two carriers on the corresponding other two bands and the UE was under the operation state in which 2-port transmission cannot be supported on the same uplink carrier, i.e., the switching among Case 1-x, where x = 1,2,3,4,5,6. An example is when the UE is triggered for a 1-port transmission on Carrier 4 on Band D and the UE was under the operation state of Case 1-1.
And the ambiguity issue is more complex for 4 bands. As highlighted in Table-4, if UL Tx switching is triggered for 1-port transmission on Carrier 1 on Band A, (i.e. 1P+0P+0P+0P in Table-4), the state of Tx chain to support such transmission can be in Case 1-1, Case 1-4, Case 1-5 or Case 2-1. And the preceding transmission for such switching also includes several cases, such as from Case 1-2, Case 1-3, Case 1-6 or Case 2-2, Case 2-3, Case 2-4. As can be seen, the ambiguity issues may become very complex.
In short, as discussed above, the potential work RAN1 needed to be solved under potential framework#1 to support UL Tx switching for up to 4 bands may include:
· Identify the scenarios that should be supported in Rel-18 for up to 4 bands.
· Define the mapping of Tx chains and antenna ports for the identified scenarios case by case.
· Introduce new switching case(s) that should be supported in Rel-18 for up to 4 bands.
· Resolve the potential ambiguity issues.

Observation 4: Based on potential framework#1, network can indicate any UL carrier within up to 2 bands for UL transmission. The following issues should be discussed for 3 bands and 4 bands respectively.
· Identify the supported scenarios, including the number of Tx antennas for each band, number of continuous UL carriers and number of bands.
· Define the mapping of Tx chains and antenna ports for the identified scenarios case by case.
· Introduce new switching case(s) for Rel-18 for up to 3 or 4 bands.
· Resolve the potential ambiguity issues.
Overall, from our perspective, if framework#1 is adopted, all the following 32 combinations need to be considered as shown in Figure 6. 
The 12 combinations for 3-band case are listed as below: {A3-1, B3-1}, {A3-2, B3-1}, {A3-3, B3-1}, {A3-4, B3-1}, {A3-1, B3-2}, {A3-2, B3-2}, {A3-3, B3-2}, {A3-4, B3-2}, {A3-1, B3-3}, {A3-2, B3-3}, {A3-3, B3-3}, {A3-4, B3-3}. 
The 20 combinations for 4-band case are listed as below: {A4-1, B4-1}, {A4-2, B4-1}, {A4-3, B4-1}, {A4-4, B4-1}, {A4-5, B4-1},{A4-1, B4-2}, {A4-2, B4-2}, {A4-3, B4-2}, {A4-4, B4-2}, {A4-5, B4-2}, {A4-1, B4-3}, {A4-2, B4-3}, {A4-3, B4-3}, {A4-4, B4-3}, {A4-5, B4-3},{A4-1, B4-4}, {A4-2, B4-4}, {A4-3, B4-4}, {A4-4, B4-4}, {A4-5, B4-4}.
Take combination {A4-1, B4-1} as an example, it means UE supports UL Tx switching across 4 bands and each of the 4 bands has only one carrier and all the 4 bands support up to 2Tx.
Observation 5: If framework#1 is adopted, all the 32 different combinations should be considered for Rel-18 UL Tx switching across 3/4 bands.
· The 12 combinations for 3-band case: {A3-1, B3-1}, {A3-2, B3-1}, {A3-3, B3-1}, {A3-4, B3-1}, {A3-1, B3-2}, {A3-2, B3-2}, {A3-3, B3-2}, {A3-4, B3-2}, {A3-1, B3-3}, {A3-2, B3-3}, {A3-3, B3-3}, {A3-4, B3-3}. 
· The 20 combinations for 4-band case: {A4-1, B4-1}, {A4-2, B4-1}, {A4-3, B4-1}, {A4-4, B4-1}, {A4-5, B4-1},{A4-1, B4-2}, {A4-2, B4-2}, {A4-3, B4-2}, {A4-4, B4-2}, {A4-5, B4-2}, {A4-1, B4-3}, {A4-2, B4-3}, {A4-3, B4-3}, {A4-4, B4-3}, {A4-5, B4-3},{A4-1, B4-4}, {A4-2, B4-4}, {A4-3, B4-4}, {A4-4, B4-4}, {A4-5, B4-4}.



Figure 6 Scenarios of different Combinations (number of Tx per band, number of carriers per band)

Framework#2: Indicating two bands for subsequent UL transmission
Based on the analysis in section 3.1, it can be found that the new tables for different cases among 3 bands and corresponding ambiguity issues are more complex than the traditional 2 bands cases. For the 4 bands cases, the situation is even worse.
Framework#2 is proposed with the intention to reuse Rel-16/17 UL Tx switching as much as possible and avoid the discussion on the new switching cases based on new tables and the corresponding ambiguity issues when considering a new number of bands larger than 2. As shown in Figure 7, gNB will first indicate the cells within up to 2 bands for a UE by the switching signaling, then Rel-16/17 UL Tx switching can be performed within the 2 bands until next gNB indication.  
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Figure 7: An example for 4 bands in Framework#2
Base on the framework#2, UE will perform UL Tx switching between the 2 indicated bands until the next indication received. The legacy Rel-16/17 UL Tx switching can be reused including the following.
· Legacy tables can be reused between the 2 indicated bands
· The legacy switching cases can be reused
· The legacy solution for ambiguity issues can be reused
The only new issues for framework#2 are the switching signaling design and the initial state after receiving the switching signaling. 
For the first issue, MAC CE or DCI can be used as the switching signaling, both can be regarded as dynamic bands switching compared with legacy RRC reconfiguration.
For the second issue, one scheme is not to address the initial state similar as Rel-16/17 if up to 2 bands in Rel-18 is not changed frequently. Otherwise, the initial state after receiving the switching signaling should be determined by gNB indication or RRC configuration.
The switching signaling of framework#2 can be based on a DCI or MAC-CE. If MAC-CE is adopted, additional signaling may be introduced for band combination switching. However, if DCI is adopted, the UL grant can be used to indicate the two-band switching. Then, there is not additional signaling. 
It is commented that additional delay may be introduced for MAC-CE based switching in framework#2 compared with framework#1. This issue can be discussed and clarified whether additional delay of the dynamic switching in framework#1 is existed or not, especially whether the band combination within 2 bands can be switched smoothly among 3 or 4 bands from the perspective of UE. Compared with current semi-static band combination switching based on RRC reconfiguration, the framework#2 is a trade-off between fast band combination switching and complexity of specification.    
Above all, framework#2 is proposed based on the intention to reuse Rel-16/17 UL Tx switching as much as possible, which is much simpler than framework#1. Considering common design between 3 and 4 bands, and potential more bands in future is a target in the WID, a common design agnostic with the number of bands is preferred.
Observation 6: Based on framework#2, network can indicate the cells within two bands for subsequent transmission via MAC-CE or DCI. UL Tx switching is performed within these two bands until new indication is received.
· The legacy UL Tx switching mechanism can be fully reused.
· It is a design agnostic with the number of bands, i.e., a common design between 3 and 4 bands. 

Comparison for the two frameworks
From the above analysis on the two potential frameworks, it can be summarized briefly in Table 5. For framework#1, new tables should be defined and lots of ambiguity issues need to be addressed. In addition, since different tables have to be defined for 3 bands and 4 bands, it may not be a common design for 3 bands and 4 bands. It also lacks of extensibility if more bands are to be supported for UL Tx switching in the future.
For framework#2, the legacy UL Tx switching mechanism for CA and SUL can be fully reused. Thus, there is no need to define new tables or address the ambiguity. Furthermore, it have better extensibility for even more bands in the future. The only thing needs to be specified in Rel-18 is how to indicate the cells (or bands) for subsequent transmission.
Furthermore, framework#2 can be easily extended to support mixture of CA option1 (switched UL) and option2 (dual UL). For example, UE may report band1+band2 as CA option1 and band3+band4 as CA option2. Then, if band1+band2 is indicated for subsequent transmission, UE will operate in switched UL; if band3+band4 is indicated for subsequent transmission, UE will operate in dual UL. However, if framework#1 is adopted, new switching behaviors have to be specified to support this kind of mixture of CA option1 and option2.
Proposal 3: To strive for a common design for 3 bands and 4 bands and strive for an extensible solution for UL Tx switching, framework#2 is supported for Rel-18 UL Tx switching, where network can indicate the cells within two bands (or indicate the two bands) for subsequent transmission via MAC-CE or DCI.

Table 5: Comparison for the two frameworks
	
	Framework#1
	Framework#2

	New tables for more than 2 bands
	Yes
	No

	New switching cases for more than 2 bands
	Yes
	No

	New ambiguity issues
	Yes
	No

	{number of carriers, number of Tx} combination
	32 different combinations
	Follow legacy

	Mixture of CA option1 and option2
	New behaviors
	Follow legacy

	Common design between 3 and 4 bands
	No
	Yes

	Additional signaling
	No
	May or may not



Other potential issues
Multiple TAGs
Currently, UL Tx switching is only performed between the UL carriers within the same TAG. If the UL carriers belong to the different TAGs, the uplink frame or UL transmission timing may not be aligned between the UL carriers. Therefore, when the UL Tx switching is performed from one carrier to another carrier, the UL transmission timing adjustment may be needed after switching. It may lead to a longer switching period. The switching period should be defined by RAN4, if needed. Therefore, we think this issue should be discussed in RAN4. 
Proposal 4: The issue related to UL Tx switching with multiple TAGs should be discussed in RAN4. 

Simulation assumptions and results
In order to identify the gain of Rel-18 Tx switching compared with Rel-16/17 Tx switching the system level simulation is provided in the section. According to the scope of the WID in [1], supporting Rel-18 Tx switching across the more configured UL bands e.g. 3 or 4 bands than its simultaneous transmission can be based on the TDD subframe configuration and channel condition of each band. Thus, different UL/DL configuration, carrier frequency and system bandwidth are assumed as shown in Table 6. Each of the four bands is assumed to have one carrier. 
Table 6: Band configuration
	Band index
	Band 1
	Band 2
	Band 3
	Band 4

	Carrier Frequency
	4.9GHz
	2.6GHz
	700MHz
	2GHz

	System Bandwidth
	100MHz
	100MHz
	20MHz
	20MHz

	Frame configuration
	DDDSUDDSUU
(unaligned frame boundary: SUDDSUUDDD)
	DDDDDDDSUU
	FDD
	FDD

	S(DL:UL)
	10D:2G:2U
	6D:4G:4U
	-
	-

	Sub-carrier Spacing
	30KHz
	30KHz
	30KHz
	30KHz



Simulation methodology 
Regarding the performance metric, we think the main challenge of UL system is throughput and latency. Thus, the user perceived throughput (UPT=amount of data (file size)/ time needed to download data) is adopted as the performance metric in our simulation. 
Regarding the traffic model, in order to reflect the impact of different UL/DL configuration and channel conditions on performance, the XR traffic model defined in Rel-17 in Table 7 is adopted.
Table 7: XR traffic model
	Use Case
	Mean packet size (Bytes)
	STD of packet sizes (Bytes)
	Min packet size (Bytes)
	Max packet size (Bytes)
	Packet arrival interval (ms)
	Packet delay budget (ms)
	Jitter
	Reliability requirement

	video stream
	20833
	2187
	10416
	31249
	16.67
	30
	No
	99%



Compared with Rel-16/17 Tx switching, for the Rel-18 Tx switching within 3 bands or 4 bands, because of more UL bands, network can schedule a UE on the band with better channel condition and larger bandwidth to increase UL throughput. 
Simulation results
Since the simulation results highly depend on the scheduling algorithm, we implement two different mechanisms in our simulation.
Mechanism#1:
· For legacy Rel-16/17 UL Tx switching operation, UEs are divided into two groups semi-statically based on RSRP and available UL resource in each group so that the RU (resource utilization) in each group is similar. Thus, coverage for cell-edge UEs can be also guaranteed. UE perform UL Tx switching between the two bands in each group.
Group#1: Band1 (4.9 GHz)+Band4 (2 GHz)
Gropu#2: Band2 (2.6 GHz)+Band3 (700 MHz)
· For Rel-18 UL Tx switching, UEs can perform UL Tx switching among all the four bands dynamically.

Table 8. Mean UPT for Mechanism#1
	
	Baseline
(Rel-16/17 UL Tx switching)
	Rel-18 UL Tx switching
(4 bands)
	Gain

	6 UEs
	7.2068
	8.8070
	22.2%

	11 UEs
	6.5143
	7.9072
	21.38%



Observation 7: Regarding UL Tx switching for 4 bands, compared with mechanism#1 of Rel-16/17 UL Tx switching, the gain of mean UPT is about 22.2% for 6 users per cell and 21.38% for 11 users.

Mechanism#2:
· [bookmark: _GoBack]For legacy Rel-16/17 UL Tx switching operation, UEs are divided into three groups semi-statically based on RSRP and available UL resource in each group so that the RU (resource utilization) in each group is similar. Thus, coverage for cell-edge UEs can be guaranteed and higher UPT for cell-center UEs can also be guaranteed compared with Mechanism#1. UE perform UL Tx switching between the two bands in each group.
Group#1: Band1 (4.9 GHz)+Band4 (2 GHz)
Gropu#2: Band2 (2.6 GHz)+Band3 (700 MHz)
Group#3: Band1 (4.9 GHz)+Band2 (2.6 GHz)
· For Rel-18 UL Tx switching, UEs can perform UL Tx switching among all the four bands dynamically.

Table 9. Mean UPT for Mechanism#2
	
	Baseline
(Rel-16/17 UL Tx switching)
	Rel-18 UL Tx switching
(4 bands)
	Gain

	6 UEs
	7.89
	8.8070
	11.62%

	11 UEs
	7.0338
	7.9072
	12.42%


Observation 8: Regarding UL Tx switching for 4 bands, compared with mechanism#2 of Rel-16/17 UL Tx switching, the gain of mean UPT is about 11.62% for 6 users per cell and 12.42% for 11 users.

As we can see, according to the above analysis, Rel-18 UL Tx switching can provide some gain compared with Rel-16/17 UL Tx switching. However, the gain highly depends on the scheduling mechanism.
Observation 9: Overall, Rel-18 UL Tx switching among 4 bands provide gains compared with Rel-16/17 UL Tx switching. However, the gain highly depends on the scheduling mechanism.

Conclusion
According to the discussion above, we have the following observations and proposals.
Overviews
Proposal 1: UE supporting Rel-18 UL Tx switching schemes across up to 3 or 4 bands requires support of legacy inter-band CA for at least two of the bands. 
Observation 1: In order to fully enjoy the benefits of configuring more UL bands than its simultaneous transmission capability, prioritize CA (especially CA Option2) for Rel-18 UL Tx switching across up to 3 or 4 bands.
Observation 2: Compared with CA, the benefits or motivations to support ‘CA+2SUL’ are not clear especially considering that ‘CA+2SUL’ requires inter-band CA as the prerequisite.
Proposal 2: Support UL-only cell (a cell only contains UL carrier but without DL carrier) for multi-carrier UL operation.
Observation 3: If SSB is not mandatory for a SCell in case of inter-band CA, then this SCell can be an UL-only cell since all the other DL signals/channels are optional.
Framework for Rel-18 UL Tx switching
Observation 4: Based on potential framework#1, network can indicate any UL carrier within up to 2 bands for UL transmission. The following issues should be discussed for 3 bands and 4 bands respectively.
· Identify the supported scenarios, including the number of Tx antennas for each band, number of continuous UL carriers and number of bands.
· Define the mapping of Tx chains and antenna ports for the identified scenarios case by case.
· Introduce new switching case(s) for Rel-18 for up to 3 or 4 bands.
· Resolve the potential ambiguity issues.
Observation 5: If framework#1 is adopted, all the 32 different combinations should be considered for Rel-18 UL Tx switching across 3/4 bands.
· The 12 combinations for 3-band case: {A3-1, B3-1}, {A3-2, B3-1}, {A3-3, B3-1}, {A3-4, B3-1}, {A3-1, B3-2}, {A3-2, B3-2}, {A3-3, B3-2}, {A3-4, B3-2}, {A3-1, B3-3}, {A3-2, B3-3}, {A3-3, B3-3}, {A3-4, B3-3}. 
· The 20 combinations for 4-band case: {A4-1, B4-1}, {A4-2, B4-1}, {A4-3, B4-1}, {A4-4, B4-1}, {A4-5, B4-1},{A4-1, B4-2}, {A4-2, B4-2}, {A4-3, B4-2}, {A4-4, B4-2}, {A4-5, B4-2}, {A4-1, B4-3}, {A4-2, B4-3}, {A4-3, B4-3}, {A4-4, B4-3}, {A4-5, B4-3},{A4-1, B4-4}, {A4-2, B4-4}, {A4-3, B4-4}, {A4-4, B4-4}, {A4-5, B4-4}.
Observation 6: Based on framework#2, network can indicate the cells within two bands for subsequent transmission via MAC-CE or DCI. UL Tx switching is performed within these two bands until new indication is received.
· The legacy UL Tx switching mechanism can be fully reused.
· It is a design agnostic with the number of bands, i.e., a common design between 3 and 4 bands. 
Proposal 3: To strive for a common design for 3 bands and 4 bands and strive for an extensible solution for UL Tx switching, framework#2 is supported for Rel-18 UL Tx switching, where network can indicate the cells within two bands (or indicate the two bands) for subsequent transmission via MAC-CE or DCI.

Other potential issues
Proposal 4: The issue related to UL Tx switching with multiple TAGs should be discussed in RAN4. 

Simulation assumptions and results
Observation 7: Regarding UL Tx switching for 4 bands, compared with mechanism#1 of Rel-16/17 UL Tx switching, the gain of mean UPT is about 22.2% for 6 users per cell and 21.38% for 11 users.
Observation 8: Regarding UL Tx switching for 4 bands, compared with mechanism#2 of Rel-16/17 UL Tx switching, the gain of mean UPT is about 11.62% for 6 users per cell and 12.42% for 11 users.
Observation 9: Overall, Rel-18 UL Tx switching among 4 bands provide gains compared with Rel-16/17 UL Tx switching. However, the gain highly depends on the scheduling mechanism.

Reference
RP-220834, 3GPP RAN#95-e, Revised WID on Multi-carrier enhancements.
RP-213578, [94e-13-R18-CAEnh] - Version 0.0.8, NTT DOCOMO, INC.


Appendix: Simulation assumptions
Table A-1 Simulation assumptions for 3/4 bands for UL Tx switching
	Parameters
	Value

	Scenarios
	Dense Urban
Single layer:
Macro layer: Hex. Grid

	Layout
	21cells with wraparound

	Channel Model
	UMa TR 38.901

	Inter Site Distance
	200m

	BS Antenna Height
	25m

	BS Antennas
	32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
(dH, dV) = (0.5λ, 0.5λ)

	CSI-RS Port
	32

	UE Antenna Height
	General equation:  hUT=3(nfl – 1) + 1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl ~ uniform(1, Nfl ) where Nfl ~ uniform(4,8)

	UE Antennas
	2T, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	BS antenna pattern
	3-sector antenna radiation pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	TX Power
	44 dBm per 20MHz

	UE MAX Power
	23dBm

	Power control
	Band1：P0= -83, alpha=0.8;   
Band2:  P0= -81, alpha=0.8;
Band3：P0= -71, alpha=0.8;   
Band4:  P0= -74, alpha=0.8;

	Noise Figure
	BS:5 dB, UE:9 dB

	Scheduler
	SU-MIMO Proportional Fair

	MCS
	Up to 64QAM

	UE distribution
	80% indoor, 20% outdoor

	UE speed
	3 km/h

	Channel Estimation
	Realistic

	Downtilt
	12 degree

	Transmission scheme
	Close loop rank adaptation

	PHY processing delay
	UE PUSCH processing Capability #2

	PDCCH overhead
	1 symbols

	Target BLER
	10%

	Max HARQ transmission
	4

	Tx Switching Time
	35us
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