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1	Introduction
RAN4#96-e agreed to introduce a UE capability of additional DC location reporting for intra-band UL CA and approved an LS to RAN2 [1] where the following candidates on the capability are provided.
1) Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.
2) Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs
After RAN4#96-e, RAN#89-e further discussed DC location reporting mechanism [2] where mainly the following concerns were shared.
· If Rel-16 specification should address intra band UL CA more than 2CCs or not, e.g., further enhancements should be considered or not.
· The 1st candidate in [1], i.e., dynamic DC reporting, significantly impacts on Rel16 specification.
· The 2nd candidate in [1], i.e., static DC reporting, would have so many permutations in the end as the number of CCs increases.
As the result, RAN#89-e endorsed the following.
Proposal: a mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16
· RAN2 is tasked to provide at least one RAN2-based signalling solution for at least 2 UL CCs of intra-band UL CA in FR1 to RAN#90, considering forward compatibility to other combinations (more than 2 UL CCs and/or FR2) 
· Other solutions are not precluded and can be discussed in RAN1, RAN2 and RAN4. Selection between solutions can be discussed at RAN#90 or later (if possible).
This contribution shares identified issue on the 2nd candidate in [1] using permutations of all possible simultaneously activated BWPs within configured BWPs whose details were proposed in [3] and provides an alternative.
2	A way to use permutations of all the activated BWPs
One of the ways to realize the 2nd candidate in [1] to report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs is proposed in [3]. One of the examples is excerpted from [3] as below.
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Figure 2.1: An example of a DC location reporting method proposed in [3]
The method itself is a well thought out idea with the currently available signalling mechanism. The proposed method, however, works only if the BWPs have the same size, because the DC location calculated by (DC11+DC21)/2 equals to the centre of the DC locations of the BWPs. However, if the BWPs don’t have the same size, the DC location for UL CA based on the proposal in [3] does not indicate the centre of edge to edge of the outermost BWPs, which would be the more precise centre of the BWPs as shown in Figure 2.2.
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Figure 2.2: An issue with a method proposed in [3]: Centre carrier may not match the centre of the BWPs 
Observation 1: The middle of DC locations indicated for the two active BWPs is not always the centre if the active BWPs do not have the same size.
The next aspect which we cannot miss is signalling overhead. UE can support up to 4 BWPs per cell: with 2-cell UL CA, this means 4*4 = 16 combinations. The signalling cost of reporting a single TxDC location is 15 bits (since BWP ID = 2 bits, 7.5kHz shift absence/presence = 1 bit and the TxDC carrier location = 12 bits), which would mean 16*15 = 240 bits just for reporting the UL TxDC locations if 4 BWPs are configured per cell. Additionally, if there would be 3UL CA, this would increase by another fourfold to 64 combinations (with 960 bits) and so on. While the number of bits is not huge, it grows exponentially and generates complexity for both UEs and networks.
Observation 2: Reporting each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs would increase the amount of signalling overhead exponentially and generate complexity for both UEs and networks.
Finally, the method assumes that the UE always retunes to the BWP centre frequency (since that is used in the calculation for the centre for UL CA) for single CC transmissions. Since UL CA is configured but not always scheduled for every single transmission, this might require the UE to conduct retuning even for single-cell transmissions, which would not be feasible in practice as it may cause interruptions to data transmission. In addition, this forces UE to make DC locations for each of the BWPs per CC the centres of each of the BWPs for single CC transmission.
Observation 3: Reporting each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs would increase frequency of retuning during transmission.
Observation 4: Reporting each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs would force UE to make DC locations for each of the BWPs per CC the centre of each of the BWPs for single CC transmission.
3	Alternative
Though the method proposed in [3] is a well thought out idea with the currently available signalling mechanism, it has several drawbacks as elaborated in the Section 2. Thus, we provide a following alternative to address the issues identified in the section 2.
Alternative
Identify the DC location for intra band UL CA by establishing the following rule.
· NW determines the BWP locations and transmission bandwidths according to the network configuration.
· Note that this is already specified in the specification.
· This implies that UE does not need to report DC locations for each of the BWPs per CC to make network identify the DC location for intra band UL CA.
· As default, network considers DC location for intra band UL CA is the centre of the lower edge of the lowest CC and the higher edge of the highest CC among all the active CCs as depicted in Figure 3.1 below.
· This gives an opportunity to design a UE without fine more fined tuned DC location ability than the way depicted in Figure 3.2.
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Figure 3.1: A default DC location for Intra band UL CA
· If a UE has an additional DC location reporting for intra-band CA for the UL CA, the network considers DC location is the centre of the lower edge of the lowest active BWP and the higher edge of the highest active BWP among all the active CCs as depicted in Figure 3.2.
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Figure 3.2: DC location for intra band UL with additional DC location reporting capability”
Next, we discuss how the alternative addresses the identified issues in the section 2.
How to identify the centre of the active BWPs
As shown in the Figure 3.2, this definition can give more precise centre of the active BWPs than the method in [3], even if the active BWPs do not have the same size. In addition, this definition can apply the case whose number of CCs is more than two as far as the number of DC carrier is one among the CCs as depicted in the bottom of Figure 3.2.

Signalling overhead 
One of the fundamental issues for the proposed method in [3] is that a UE has to report the DC location for each of the BWPs per CC whenever the BWPs are configured or reconfigured. This increase the number of signalling overhead.
However, by following the alternative, not UE but rather networks determines the BWP locations and transmission bandwidths according to the network configuration. Hence, there could be no need for UE to report each of the DC locations for each of the BWPs per CC. 
Frequently retuning and constraint that DC locations for each of the BWPs to be the centre of the BWPs
[bookmark: _GoBack]Since network does not have to know the exact DC locations per BWPs per CC to identify DC location for intra UL CA so that UE does not have to report each of the DC locations per BWPs per CC nor tune its DC location to the centres for each of the BWPs per CC, since the DC location for UL CA is not dependent on the DC locations per BPWs per CC but rather on the lower edge and the higher edge positions of the two outermost BWPs.
4	Conclusion
In this contribution, we addressed potential issues for one of the candidates that is “Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs” listed in [1]. Note that we don’t believe the introduction of the other candidate that is “Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc” is realistic in Rel16. We identified the following issues in a specific method in [3].
Observation 1: The frequency point in the middle of DC locations indicated for the 2 active BWPs is not the centre if the active BWPs do not have the same size.
Observation 2: The amount of signalling overhead would grow exponentially and generate complexity for both UEs and networks.
Observation 3: The method would increase frequency of retuning during transmission.
Observation 4: The method would force UE to make DC locations for each of the BWPs per CC the centre of each of the BWPs.
As the results, in order to make the method in [3] more practical, we proposed the following alternative.
Proposal: Send an LS to RAN2 to share the following alternative
Identify the DC location for intra band UL CA by establishing the following rule.
· NW determines the BWP locations and transmission bandwidths according to the network configuration.
· As default, network considers DC location for intra band UL CA is the centre of the lower edge of the lowest CC and the higher edge of the highest CC among all the active CCs.
· If a UE has an additional DC location reporting for intra-band CA, the network considers DC location is the centre of the lower edge of the lowest active BWP and the higher edge of the highest active BWP among all the active CCs.
The draft LS is captured in the Annex in this contribution.
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6	Annex
Title:	draft LS on FR1 intra-band UL CA DC location 
Response to:	
Release:	Release 16
Work Item:	NR_FR1_RF

Source:	3GPP TSG RAN WG4
To:	RAN2 
Cc:	RAN1

Contact Person:	
· Name:	Hiromasa Umeda
· E-mail Address:	hiromasa.umeda@nokia.com 

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	


1. Overall Description:
RAN4 further discussed on a way for network to identify the DC location for intra band UL CA for FR1 and agreed the following alternative to “Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs” in R4-2011906.
· Identify the DC location for intra band UL CA by establishing the following rule.
· NW determines the BWP locations and transmission bandwidths according to the network configuration.
· As default, network considers DC location for intra band UL CA is the centre of the lower edge of the lowest CC and the higher edge of the highest CC among all the active CCs.
· If a UE has an additional DC location reporting for intra-band CA, hereinafter referred to as “extended DC location reporting capability” for the UL CA, the network considers DC location is the centre of the lower edge of the lowest active BWP and the higher edge of the highest active BWP among all the active CCs. 

2. Actions:
To: 3GPP TSG RAN WG2.
ACTION: RAN4 respectfully asks RAN2 to take the above information into account.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN4 Meeting #98-e		25th Jan – 5th Feb 2021		               Electronic meeting
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* Example 2: UE take DC location depending on BWP bandwidth, the DC location reporting can be seen as in Fig 7.
where DCL1 is DC location for BWPL,1, DC1,2 is DC location for BWP12, etc.
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Fig7.
For 1PA architecture, the real DC location is depending o
' Whether both CCs are activated
' Which BWP is activated within each CC

When 2CCs are both activated, and BWP1,1 in CC1 s activated, BWP2,1 in CC2 s activated, then the real DC location
is (DC11+DC21)12

When 2CCs are both activated, and BWP1,2 in CC1 s activated, BWP2,2 in CC2 s activated, then the real DC location
is (DC12+DC22)12

When only CC1 is activated and BWP1,1 is activated, the real DC location is DC11.
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