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Introduction
RAN4 and RAN2 have had a long discussion on the simultaneous Rx/Tx capability that is defined per BC.
In the LS R2-2100056 [1], RAN4 indicated a case where a UE does not support simultaneous Rx/Tx capability for a band combination (e.g. n39-n41-n79), but does support it for some band pair(s) in the band combination (e.g. n41-n79). In the LS, RAN4 understanding was that the simultaneous Rx/Tx capability for a certain band pair in a BC should shall be derived by the network from the capability for fallback band combinations. However, the RAN4 understanding did not align with the principle of the RAN2 specs, which resulted in the reply LS R2-2102495 [2] where RAN2 indicated that the capability for band pairs in a BC cannot be derived from fallback band combinations. Based on the above RAN2 understanding, in the reply LS R2-2106958 [3], RAN4 asks to introduce per-band-pair signalling to the simultaneous Rx/Tx capability.
This contribution is to discuss the motivation of the per-band-pair signalling from an operator’s viewpoint, and to provide some considerations on the signalling design.
Discussion
Applicability in the field
In this section the relevance of the issue and the motivation of the per-band-pair signalling is discussed.
Let us discuss an EN-DC case with LTE bands 1, 42, and NR Band n79, where TDD configurations of LTE Band 42 and NR Band n79 are synchronised. This situation is illustrated in Figure 1.
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Figure 1: An EN-DC case where only some part of the BC requires simultaneous RX/Tx capability
In this case, the simultaneous Rx/Tx operation is expected for the band pair of 1-n79, but is not expected for the band pair of 42-n79. As simultaneousRxTxInterBandENDC is currently a per-band-combination capability, it is required for the UE to support simultaneousRxTxInterBandENDC for the whole band combination of 1-42-n79 to setup EN-DC with these three bands.
However, in the field there are some UEs that support EN-DC with 1-42-n79 but do not support simultaneousRxTxInterBandENDC for the BC of 1-42-n79, which leads to inability to setup 1-42-n79 EN-DC. The problem is that the deployment requires the simultaneous Rx/Tx capability for only 1-n79 band pair, and functionally the UEs support simultaneous Rx/Tx operation between Band 1 and n79. In other words, the 1-42-n79 EN-DC cannot be realized because of the lack of granularity of the capability signalling.
Observation 1: In the field there are UEs that do not support simultaneous Rx/Tx capability for a band combination, but functionally do support simultaneous Rx/Tx operation for some band pair(s) in the band combination. Current per-BC capability signalling limits the EN-DC band combinations that can be set up.
Therefore, our proposal is to implement the per-band-pair capability signalling that RAN4 suggests in the LS. 
Proposal 1: RAN2 to specify per-band-pair signalling for simultaneous Rx/Tx capability as RAN4 suggested.
Considerations on UE capability signalling
In R4-2108003, the RAN4 suggestion is to specify the per-band-pair capability within a higher order CA combination, as excerpted below.
RAN4 (…omit…) concluded that CA capability signaling should be able to indicate support of simultaneous Rx-Tx for all band pairs within a higher order CA combination.
Based on the above assumption, it should be natural to add new per-band-pair capability to MRDC-Parameters and CA-Parameters(NRDC), which is defined per band combination. 
As for how to express the per-band-pair capability, in order to reduce the signalling size while not sacrificing expressivity, we propose to have a bitmap where each bit represents whether simultaneous Rx/Tx is supported for a band pair in the BC. As the maximum number of band entries in a band combination (i.e. maxSimultaneousBands) is 32, the maximum size of the bitmap should be 32 * 31 / 2 = 496. As two-band BCs do not require the per-band-pair signalling, the minimum size of the bitmap should be 3.
With the definition above, i.e. BIT STRING (SIZE(3..496)) OPTIONAL, the signalling size of the bitmap will be:
· 1 bit for presence
· 9 bits for bitmap size
· Variable size for the bitmap body, e.g. 3 bits for a 3-band BC, 10 bits for a 5-band BC, and 496 bits for a 32-band BC
[bookmark: _GoBack]Even though the maximum size of the above signalling is over 500 bits for a 32-band BC, under realistic conditions (e.g. 20 bits for a 5-band BC), the signalling size appears to be acceptable.
Proposal 2: Add a bitmap in MRDC-Parameters and CA-Parameters so that each bit of the bitmap represents whether simultaneous Rx/Tx is supported for a band pair in the BC.
Considerations on inter-node signalling
In MR-DC, for the SN to check the above per-band-pair capability, the knowledge of the bands that are used in the MN is required.
For example, let us suppose the situation shown in Figure 2, where:
· a deployment with bands 1, 42 and n79, where Band 42 and Band n79 is NOT synchronized; and
· a UE supporting EN-DC with the BC of 1-42-n79, and supporting simultaneous Rx/Tx between Band 1 and n79, but not between Band 42 and n79. 
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Figure 2: An EN-DC case where all the band pairs requires simultaneous RX/Tx capability
In this case, if Band 42 is to be used by the MN, then the network shall not set up EN-DC with n79. However, allowedBC-ListMRDC signalled from MN to SN is defined as indexes to the band combinations in the UE capability, where fallback BCs are omitted. This means that, if we assume (at least) Band 1 is to be used by the MN, the BC of 1-42-n79 will be included in allowedBC-ListMRDC irrespective of whether Band 42 is to be used or not. Thus, allowedBC-ListMRDC alone is not sufficient for the SN to determine which band pair to check and whether to include n79 in the EN-DC setup.
Observation 2: As allowedBC-ListMRDC omits the fallback band combinations, allowedBC-ListMRDC alone is not sufficient for the SN to determine which band pair to check the simultaneous Rx/Tx capability.
Therefore, it seems necessary to signal which bands are to be used by the MN in the inter-node signalling. In NR-DC, this is already supported by selectedBandEntriesMNList field in ConfigRestrictInfoSCG for a different purpose, i.e., to determine which bands out of the NR band combinations in allowedBC-ListMRDC can be used in SCG. Below is an excerpt from TS 38.331.
selectedBandEntriesMNList
A list of indices referring to the position of a band entry selected by the MN, in each band combination entry in allowedBC-ListMRDC IE. BandEntryIndex 0 identifies the first band in the bandList of the BandCombination, BandEntryIndex 1 identifies the second band in the bandList of the BandCombination, and so on. This selectedBandEntriesMNList includes the same number of entries, and listed in the same order as in allowedBC-ListMRDC. The SN uses this information to determine which bands out of the NR band combinations in allowedBC-ListMRDC it can configure in SCG. This field is only used in NR-DC.
Fortunately, selectedBandEntriesMNList is a list of band entry indices in the bandList, which does not depend on the RAT (i.e. LTE or NR) of each band. Therefore it seems reasonable to re-use the field also for other MR-DC options.
Proposal 3: RAN2 to specify that the SN can use the selectedBandEntriesMNList field to check the per-band-pair simultaneous Rx/Tx capability in NR-DC, (NG)EN-DC, and NE-DC.
The text proposal for the field description is as follows.
selectedBandEntriesMNList
A list of indices referring to the position of a band entry selected by the MN, in each band combination entry in allowedBC-ListMRDC IE. BandEntryIndex 0 identifies the first band in the bandList of the BandCombination, BandEntryIndex 1 identifies the second band in the bandList of the BandCombination, and so on. This selectedBandEntriesMNList includes the same number of entries, and listed in the same order as in allowedBC-ListMRDC. The SN uses this information to determine which bands out of the NR band combinations in allowedBC-ListMRDC it can configure in SCG. The SN can also use this information to determine for which band pair(s) it should check simultaneousRxTxPerBandPair[field name TBU]. This field is only used in NR-DC.
Summary and Proposal
In this contribution, the motivation of per-band-pair signalling for simultaneous Rx/Tx capability is discussed along with some signalling considerations. Observations and proposals are summarized below.
Observation 1: In the field there are UEs that do not support simultaneous Rx/Tx capability for a band combination, but functionally do support simultaneous Rx/Tx operation for some band pair(s) in the band combination. Current per-BC capability signalling limits the EN-DC band combinations that can be set up.
Proposal 1: RAN2 to specify per-band-pair signalling for simultaneous Rx/Tx capability as RAN4 suggested.
Proposal 2: Add a bitmap in MRDC-Parameters and CA-Parameters, where each bit represents whether simultaneous Rx/Tx is supported for a band pair in the BC.
Observation 2: As allowedBC-ListMRDC omits the fallback band combinations, allowedBC-ListMRDC alone is not sufficient for the SN to determine which band pair to check the simultaneous Rx/Tx capability.
Proposal 3: RAN2 to specify that the SN can use the selectedBandEntriesMNList field to check the per-band-pair simultaneous Rx/Tx capability in NR-DC, (NG)EN-DC, and NE-DC.
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