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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 in R4-2011906 (received in R2-2008737), 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
The LS R2-2008737 also requests RAN2 to answer the following questions:
	Question 1: RAN4 asks RAN1 and RAN2 feedback is it possible develop and method where UE reports the TX DC location after every BWP activation for rel-16?
Question 2: RAN4 asks RAN1 and RAN2 for feedback if it is feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for rel-16?
Question 3: If there is any other way UE could report TX DC location in intra-band UL CA?


However, after the LS was sent, RAN#89-e further discussed DC location reporting mechanisms, and the discussion summary in RP-202018 contains the following concerns for the original RAN4 way forward:
· Should Rel-16 specification address intra band UL CA more than 2CCs or not, e.g., should further enhancements be considered?
· The 1st candidate in R4-2011906, i.e., dynamic DC reporting, significantly impacts on Rel-16 specification.
· The 2nd candidate in R4-2011906, i.e., static DC reporting, would have 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 discusses the general DC location reporting based on these decisions as well as how to reply to RAN4.
2	DC location reporting 
2.1	Rel-15 DC location reporting
The current DC reporting was added to allow better demodulation performance by making network aware of the exact DC location for each BWP in the serving cells with UL/SUL. The reporting is done statically, but can (theoretically) change at every RRCReconfiguration (or RRCResume), reflecting that e.g. SCell addition/release can affect the DC location:
[bookmark: _Toc46439801][bookmark: _Toc46444638][bookmark: _Toc46487399][bookmark: _Toc52837277][bookmark: _Toc52838285][bookmark: _Toc53006925]RRCReconfigurationComplete ::=              SEQUENCE {
    rrc-TransactionIdentifier                   RRC-TransactionIdentifier,
    criticalExtensions                          CHOICE {
        rrcReconfigurationComplete                  RRCReconfigurationComplete-IEs,
        criticalExtensionsFuture                    SEQUENCE {}
    }
}

RRCReconfigurationComplete-IEs ::=          SEQUENCE {
    lateNonCriticalExtension                    OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                        RRCReconfigurationComplete-v1530-IEs                                    OPTIONAL
}

RRCReconfigurationComplete-v1530-IEs ::=    SEQUENCE {
    uplinkTxDirectCurrentList                   UplinkTxDirectCurrentList                                               OPTIONAL,
    nonCriticalExtension                        RRCReconfigurationComplete-v1560-IEs                                    OPTIONAL
}
–	UplinkTxDirectCurrentList
The IE UplinkTxDirectCurrentList indicates the Tx Direct Current locations per serving cell for each configured UL BWP in the serving cell, based on the BWP numerology and the associated carrier bandwidth.
UplinkTxDirectCurrentList information element
-- ASN1START
-- TAG-UPLINKTXDIRECTCURRENTLIST-START

UplinkTxDirectCurrentList ::=           SEQUENCE (SIZE (1..maxNrofServingCells)) OF UplinkTxDirectCurrentCell

UplinkTxDirectCurrentCell ::=           SEQUENCE {
    servCellIndex                           ServCellIndex,
    uplinkDirectCurrentBWP                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP,
    ...,
    [[
    uplinkDirectCurrentBWP-SUL              SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP               OPTIONAL
    ]]
}

UplinkTxDirectCurrentBWP ::=            SEQUENCE {
    bwp-Id                                  BWP-Id,
    shift7dot5kHz                           BOOLEAN,
    txDirectCurrentLocation                 INTEGER (0..3301)
}

-- TAG-UPLINKTXDIRECTCURRENTLIST-STOP
-- ASN1STOP

However, the reporting is done in a static manner. While UE can have up to 16 serving cells in CA, it was assumed that there will not be that many UL serving cells so the overhead would not be issue even if the full 4 BWPs are configured for each serving cell. Further, network will always request the DC location reporting, and can choose to omit it in case the coverage is an issue currently.
Observation 1: Rel-15 DC location reporting is based on static mechanism, which carries a fixed reporting overhead.
With UL CA, since the actually used UL BWP might affect the exact DC locations, the number of signalling can become significantly larger as the number of permutations increases (as was also identified in RP-202018). 
Observation 2: With UL CA, the direct extension of DC location reporting could increase the signalling overhead significantly.
Therefore, it would be good to consider if there are other less signalling-intensive alternatives to this and RAN2 could indicate that if possible, such could be considered by RAN4.
2.2	Reporting permutations of all the activated BWPs
One of the ways to realize the 2nd candidate in RP-202018 is to report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs, as proposed in R4-2011472. One of the examples given in RP-202018 uses the "average" of the DC locations as shown by below excerpt.
[image: ]
Figure 2.1: An example of the "averaged" DC location reporting method proposed in R4-2011472
[bookmark: _GoBack]This "averaging" method itself is a well thought out idea with the currently available signalling mechanism. However, the proposed method only works 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 second proposal in R4-2011472 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.
[image: ]
Figure 2.2: Center carrier mismatch with R4-2011472 DC location "averaging" method if the BWP sizes are different
Observation 3: If the BWP sizes are different, the averaged DC location 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.
The signalling overhead is also somewhat large: UE can support up to 4 BWPs per cell, so with 2-cell UL CA, this means 4*4 = 16 combinations. The ASN.1 signalling size of reporting a single TxDC location is 15 bits (BWP ID = 2 bits, 7.5kHz shift absence/presence = 1 bit and the TxDC carrier location = 12 bits), which means that 16*15 = 240 bits could be needed just for reporting the UL TxDC locations with 4 BWPs in each serving cell with UL. This grows even more if more UL carriers are added, e.g. with 3UL CA there would be a fourfold increase to 64 combinations (and this to 960 bits signalling size) and so on. While the number of bits is not huge, it grows exponentially with the number of UL carriers and would generate complexity for both UEs and networks.
Observation 4: If all permutations of UL BWP carriers with UL CA are reported, the signalling overhead grows exponentially with the number of UL carriers.
Proposal 1: RAN2 to reply to RAN4 that reporting the permutations of every possible TX DC location per cell, per BWP, will require large signalling overhead and it may not work if BWP sizes are different. 
Finally, the method assumes that the UE is always forced to retune to the BWP center frequency (since that is used in the calculation for the center for UL CA) for single CC transmissions. Since UL CA is configured but not always scheduled for every single transmission, this might require retuning even for single-cell transmissions, which is not 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 centre of each of the BWPs for single CC transmission.
Observation 5: Reporting all permutations may increase frequency of (UL) retuning, causing interruptions to transmissions due to forcing UE to make DC locations for each of the BWPs per CC the centre of each of the BWPs for single CC transmission.
We would also note that BWP switching can occur via two means: RRCReconfiguration or DCI. For RRCReconfiguration-based switching, UE can already now report changes in UL DC location if the network requests it, but for DCI-based switching, this is not really possible: Upon receiving DCI for BWP switching, UE has ~3ms to switch the BWP. During that time, L1 would have to indicate the DC location to RRC, which should trigger the reporting and create the message to network. Given the RRC processing time, it's likely that before RRC could send the report to network, the BWP switching is already complete, and the DC location reporting would be sent late. And even if the signalling would be sent via MAC CE, some cross-layer interactions would still be required, and the same timing problem would exist. Therefore, it's simply not feasible for UE to report the DC location changes after every DCI-based BWP switching. 
Proposal 2: RAN2 to reply to RAN4 that it's not feasible for UE to report the TX DC location changes after DCI-based BWP switching. 
[bookmark: _Hlk54334034]RAN4 also asked whether other reporting mechanisms are feasible: Since the exact alternatives may require RAN4 discussion, it's difficult to suggest alternatives until RAN4 has concluded on the matter. The question seems to imply RAN4 had already something in mind when asking the question but couldn't yet conclude on the details, so from RAN2 viewpoint it would be better to ask RAN4 to clarify this before jumping to other signalling solutions: Once RAN4 has finished their discussion on the exact needed requirements, it's far easier for RAN2 to consider what are the solution that minimize the signalling overhead.
Proposal 3: RAN2 to reply to RAN4 that alternative signalling mechanisms are likely possible and ask whether RAN4 has some specific requirements for such mechanisms.
2.3	Answers to RAN4 LS
Based on the previous discussion, let's now consider answers to the questions in the RAN4 LS R2-2008737 in more detail:
Question 1: RAN4 asks RAN1 and RAN2 feedback is it possible develop and method where UE reports the TX DC location after every BWP activation for rel-16?
Question 2: RAN4 asks RAN1 and RAN2 for feedback if it is feasible to develop a method for UE to report every possible TX DC location that can be different for any configured BWP permutation for rel-16?
Question 3: If there is any other way UE could report TX DC location in intra-band UL CA?
As discussed in previous sections, we think the following answers could be provided:
Answer 1: BWP activation can be done via RRCReconfiguration or via DCI. Reporting DC locations after DCI-based activation is not feasible to do.
[bookmark: _Hlk54193261]Answer 2: It is possible to report the permutations of every possible TX DC location per cell and BWP, but that will require quite large signalling overhead and RAN2 would prefer to avoid that.
[bookmark: _Hlk54333957]Answer 3: RAN2 thinks there may be other signalling solutions but they depend on the exact requirements RAN4 has for the DC location reporting for UL CA cases. Hence, to develop an efficient signalling solution that minimizes the overhead, RAN2 would like to understand if RAN4 has specific requirements for the DC location reporting in intra-band UL CA, e.g. on how often the reporting is required?
A draft LS reply to RAN4 based on these is also provided in R2-2009168.
Proposal 4: Send LS reply to RAN4 according to above proposals as per R2-2009168.
3	Conclusions
We have discussed the RAN2 LS R4-2011906, with the following observations and proposals:
Observation 1: Rel-15 DC location reporting is based on static mechanism, which carries a fixed reporting overhead.
Observation 2: With UL CA, the direct extension of DC location reporting could increase the signalling overhead significantly.
Observation 3: If the BWP sizes are different, the averaged DC location 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 4: If all permutations of UL BWP carriers with UL CA are reported, the signalling overhead grows exponentially with the number of UL carriers.
Observation 5: Reporting all permutations may increase frequency of (UL) retuning, causing interruptions to transmissions due to forcing UE to make DC locations for each of the BWPs per CC the centre of each of the BWPs for single CC transmission.
Proposal 1: RAN2 to reply to RAN4 that reporting the permutations of every possible TX DC location per cell, per BWP, will require large signalling overhead and it may not work if BWP sizes are different. 
Proposal 2: RAN2 to reply to RAN4 that it's not feasible for UE to report the TX DC location changes after DCI-based BWP switching. 
Proposal 3: RAN2 to reply to RAN4 that alternative signalling mechanisms are likely possible and ask whether RAN4 has some specific requirements for such mechanisms.
Proposal 4: Send LS reply to RAN4 according to above proposals as per R2-2009168.
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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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