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1 Introduction
FS_SimBC on simplification of band combination specification for NR and LTE was completed in [1]. A corresponding TR 38.846 is created for collecting the outcome of the study during the stage of Rel-18. In RAN#102, some discussions on possible study in Rel-19 for further improvement on specification quality were proposed in [2-4]. A summary of the related discussion can be found in [5]. In the following RAN4#110 meeting, a discussion paper in [6] was proposed for the motivation and justification of new SI for further study of band combination in the stage of Rel-19. Some initial considerations of band combinations in the future 6G specification are also expected to be included in the new proposed SI. Meanwhile, in RAN4#110 for the handling of Rel-19 band combination work, a WF was approved in [7] with the intention that when Rel-19 band combination work starts some possible guidelines in associated TRs to new work items are ready for the interesting companies. In this paper, we further discuss the related issues towards future work in band combination and also share some views on NTN UE RF enhancement in Rel-19.
2 Discussion for band combination simplification
[bookmark: OLE_LINK1]2.1 Summary of Rel-18 SI
In Rel-18 SI, FS_SimBC handles the simplification of band combination and rule collection for RAN4 specifications. Some unnecessary workload has been eliminated in RAN4 when specifying band combinations. TR 38.846 contains band combination specific parts in which the working procedure for specifying band combinations and the quality of specifications have been discussed. It includes the templates for specifying band combinations, fallback aspects for specifying band combinations and submitting technical contributions for specifying band combinations. It also investigates the dependency and applicability for RF requirements among different features for the same spectrum combination to reduce the redundant tests. The guidelines for test burden reduction for harmonic mixing and cross-band isolation MSD have been analyzed during the study. A set of new guidance on band combination handling, rule collections and band combination optimization for RAN4 specifications have been approved. Guidelines of specifying band combinations on fallbacks, delta TIB/RIB, co-existence analysis and simplification for MSD due to IMD interference have been provided. Furthermore, to keep a TR running with all the valid rules and valuable guidelines for band combinations being captured, the related contents in Rel-17 TR 38.862 are transited into the TR 38.846.
2.2 Necessity of further study on BC simplification in Rel-19
The Rel-18 SI FS_SimBC has now completed however the continual working on further handling of band combination is still ongoing [7]. According to the 3GPP rules, it is not permitted to further add new contents or agreements during the study of a later release into the earlier release TR. If a SID is closed, there will be no more agenda item for the related studies in the future meetings. With that, the agreements could only be collected by various WFs in different AIs of all the RAN4 meetings. Considering that the number of band combinations is growing exponentially which is now already reached over 10000 combinations in the current spec, the situation in Rel-19 will be getting more and more complex with the evolution of the UEs and the addition of new bands/spectrum. As a matter of fact, in RAN4#110 meeting, the issue of how to handle Rel-19 band combination work has been discussed and a WF was approved in [7]. It is decided that in the coming April RAN4#110bis and May RAN4#111 meetings, RAN4 will continue to discuss how the technical work around the introduction of band combinations can be best organized. In addition, RAN4 will also continue to finalize the technical guidelines for MSD studies related to harmonic mixing orders, cross-band isolation, IMD and triple beat MSD linked to intra-band UL CA configurations, etc. Although no specific agenda item is set for further study on band combination simplification, as per the WF in [7] the related studies are still allowed in RAN4 and one AI will be chosen, most likely to be the AI for “issues arising from basket WIs but not subject to block approval”,  for the related discussions. Based on the above discussion, it can be seen that in Rel-19 it is essential to formulate a more efficient way of handling band combinations especially considering that Rel-19 is a release in preparation for 6G. Follow the previous working procedure in Rel-17 and Rel-18, to setup a Rel-19 new SI will be the best way to handle the work on further band combination simplification.
[bookmark: OLE_LINK4][bookmark: _GoBack]Observation 1. No CR to a SID TR to correct or add the content related to rule/guidance/templates due to SID is closed. However, the discussion is still expected to continue.
[bookmark: OLE_LINK7]Observation 2. If there are new rule/guidance/templates for band combination, it would be discussed in different agenda items and captured in many different WFs in different meetings, which makes it difficult to be tracked.
Proposal 1: It is suggested to follow the similar way as in Rel-18 to keep a TR running with all the valid rules to be captured by a new proposed SI created for further simplification of band combination in Rel-19.
2.3 Recommended objectives of Rel-19 SI

The objectives on the new proposed Rel-19 SID for further simplification of band combination specification are recommended as below.
	Topic #1:  Rel-19 new proposed SID for further simplification of band combination specification. 
· Recommended Objectives:
A new SI is proposed for further simplification of band combination specification in the stage of Rel-19.
· Rules or guidelines collection for band combination during the timeframe of Rel-19.
· Efforts on possible optimization for specification structure and reduce the signalling load and test burden.
·   RAN2 and RAN 5 work will be triggered by LS from RAN4.
· Study the possible simplifications for HPUE features.
-------------------  Motivation/Justifications can be found as below  -------------------
[bookmark: OLE_LINK3][Motivation]
· [bookmark: OLE_LINK6][bookmark: OLE_LINK5]For the BC simplifications work, it is necessary to capture all the necessary agreements in the TR, otherwise, the agreements would be discussed in different agenda items and captured in many different WFs in different meetings, which makes it difficult to be tracked. The number of band combinations is growing exponentially which sums up to more than 10,000 configurations for now. Continuous efforts on BC simplifications should be made in the stage of Rel-19.
· Rules or guidelines collection for band combination during the timeframe of Rel-19.
[Justifications]
· The work will be the same as previous versions in which the new rules and guidelines discussed in Rel-19 will be collected, where the Rule or guidelines include but not limited to band combination requesting, TP to TR, BC requirements simplification and etc.
· Possible discussion #1: In current spec, the supported UL CA configurations for BCS 4 and 5 may not the same as other BCSx (x=0,1,2..) for the same DL CA combination, it should discuss how to solve it.
· Possible discussion #2: As mentioned in [3], the frequency test point for high MSD requirements may not the normal operation of operators, and the operators could utilize the non-problematic part of the spectrum better, but this is currently not tested. it should discuss how to address this problem.
· In the completed Rel-18 SI, only the basket BC WIDs created in the early stage of Rel-18 were considered, however for some other basket BC WIDs created in the later stage of Rel-18 such as new HPUE basket WIDs with 3Tx, the working procedure, guidelines have not been involved and are suggested to be considered in Rel-19.
· The Rel-18 basket WIs including (The WIDs in red as below are not included in Rel-18 SI):
· MR DC
· DC_R18_1BLTE_1BNR_2DL2UL
· DC_R18_2BLTE_1BNR_3DL2UL
· DC_R18_xBLTE_1BNR_yDL2UL (x= 3, 4, 5)
· DC_R18_xBLTE_2BNR_yDL2UL (x= 1, 2, 3, 4)
· DC_R18_xBLTE_yBNR_zDL2UL (x=1, 2, 3, 3≤y≤5 , z≤6)
· DC_R18_xBLTE_yBNR_zDL3UL (x=1, 2, 3, 4, y=1, 2; 3≤z≤6)
· HPUE_FR1_DC_LTE_NR_R18 (PC m with 1<m<3, LTE xDL/1UL CA and NR yDL/1UL CA with x=1, 2, 3, 4 for y=1 or x=1, 2 for y=2)
· HPUE_FR1_TDD_NR_CADC_SUL_R18 (PC 1.5 and 2, yDLxUL with y=2, 3, 4, 5, 6 and x=1, 2)
· HPUE_FR1_FDD_NR_CADC_R18 (PC2, yDLxUL with y=2, 3, 4, 5, 6 and x=1)
· R18_3Tx_NR_CA_ENDC-Core
· NR CA/DC/SUL
· NR_CA_R18_Intra (x≥y)
· NR_CADC_R18_2BDL_xBUL (x=1,2)
· NR_CADC_R18_3BDL_xBUL (x=1,2)
· NR_CADC_R18_yBDL_xBUL (y=4,5,6, x=1,2)
· NR_SUL_combos_R18
· NR_2SUL_cell_combos_R18
· NR_700800900_combo_enh
· NR_LTE_V2X_PC5_combos_R18
· HPUE_NR_FR1_TDD_intra_CA_R18 (PC 1.5 or 2)
------------------------------------------------------------------------------------------------------------------

· Efforts on possible optimization for specification structure and reduce the signalling load and test burden.
·   RAN2 and RAN 5 work will be triggered by LS from RAN4.
[Justifications]
· The work will be the same as previous versions in which the new rules and guidelines discussed in Rel-19 will be collected.
· The similarity and dependency of RF requirements for different features on the same band combination such as NR CA, NR-DC, EN-DC and NE-DC combinations have been studied during Rel-18 SI. However, the detail simplification method for this aspect has not been introduced in Rel-18. The feasibility to have some simplifications on this aspect could be considered in the stage of Rel-19 to reduce the test burden.
· The test burden reduction for 2Tx and 3Tx for the band combinations with the same constitute bands due to the same MSD values are suggested to be studied.
· Possible MSD test point reduction for intra-band EN-DC/CA are suggested to be studied. For example, for intra-band DC_(n)5AA and DC_3A_n3A, there are many MSD test points defined in the spec. Any possible test point reductions for such BC combinations?

[image: ]
------------------------------------------------------------------------------------------------------------------

· Study the possible simplifications for HPUE features.
[Justifications]
· Feasibility to merge the MSD tables for different power class HPUE? Such as a general frame work for all the HPUE feature, including 2Tx, 3Tx HPUE band combination.
· Rules for high power UE MSD analysis and simplifications.
· For the same constituent bands BC for PC3 and HPUE, usually the co-existence studies for HPUE BC are reused from PC3. Sometimes the MSD for PC3 is not defined due to its small value. However, it may cause mistakes for the HPUE BC since its power is higher power than that of PC3. The MSD value should be re-defined for HPUE in such cases.
------------------------------------------------------------------------------------------------------------------

· For the simplification on V2X band combinations, the following PC5 configurations with Uu configurations should be investigated in order to minimize the specification efforts.
·   Inter-band con-current V2X operating bands (TS 38.101-1&TS 38.101-3)
· NR Uu+NR PC5 (TS 38.101-1)
· LTE Uu+NR PC5(TS 38.101-3)
· NR Uu+LTE PC5(TS 38.101-3)
·   Intra-band con-current V2X operating bands (TS 38.101-1)
[Justifications]
· This is the leftover objective which was removed due to the tight schedule in Rel-18 SI. It is suggested to collect the simplification rules for V2X BC with inter-/intra-band con-current operating bands in Rel-19.
------------------------------------------------------------------------------------------------------------------

· Investigate and simplify the working procedure for specifying band combination for future releases, e.g., 6G specifications.
·   Simplifications on BCS for band combinations.
·   Simplifications on band combinations of multiple features, e.g., NR-CA, EN-DC etc.
 [Justifications]
· Currently, there are many BCSs in the band combination configuration tables and it results in the complexity of the configuration tables in the spec. If we can reduce the number of BCS in the configuration table, especially for the inter-band NR CA, it will largely reduce the work load of band combinations for the future releases. The signalling and test cases impacts will be considered.
[image: ]
· Currently, there is no BCS defined for inter-band NR DC configurations. It follows the same BCS definition as for inter-band CA configurations. Also there is no BCS defined for inter-band ENDC configuration. However, for intra-band cases both CA and DC configurations have defined their BCSs. How BCS mechanism works in the future release is worth further discussion.
· A new spec structure considering reuse of band combinations of multiple features is suggested to be considered in advance for future releases e.g., 6G specification.
· Possible simplifications among different specs such as contents between 101-1/-2 and 101-3 in the future releases.
------------------------------------------------------------------------------------------------------------------

· A new TR for Rel-19 is to be created for capturing the new rules or guidelines in Rel-19 and handling the common rules or guidelines captured in previous TRs which are also applicable to Rel-19. Guidelines for future releases on band combinations will also be captured.
[Justifications]
· Same mechanism as in Rel-18 for creating a new TR.
------------------------------------------------------------------------------------------------------------------


3 Discussion for NTN UE enhancement
Based on the discussion on NTN UE RF enhancement in the previous RAN/RAN4 meetings, there are still some open issues left for further discussions. In this section, we would like to share some further considerations on these remaining issues. 
First of all, regarding the prioritization of NTN work item of coexistence study, from our understanding, the additional workload for different power class in NR NTN and IoT NTN would be quite limited since these coexistence scenarios only need some system level parameter update instead of re-structure of coexistence platform. 
Proposal 2: no prioritization on power class for NTN coexistence study ;
For high power UE in NTN FR2 bands for non-handheld UE, considering the workload issue if both FR1 and FR2 NTN is considered, this could be dropped from this release, otherwise the workload for this WID would be way too heavy.
Proposal 3: Do not consider the high power UE in NTN FR2 bands for non-handheld UE. 
For IoT UE with PC1 and PC1.5,  this could be also treated as low priority since NB-IoT UE could be scheduled with single tone in the uplink direction especially for 3.75kHz SCS, the 26dBm or 23dBm transmission power could be transmitted within single tone,  then sufficient PSD could be achieved in the uplink direction. In other words, before identifying the uplink coverage issue for IoT NTN and mismatch of its corresponding DL coverage, then it might be premature to specify the IoT UE with PC1 and PC1.5. 
Proposal 4: For IoT UE with PC1 and PC1.5, it should be treated as low priority at the current phase. 
Lastly, regarding whether the PC1.5 and PC1 are supported for non-handheld UE only or both handheld UE and non-handheld UE, at least from our understanding, PC1 should be targeted for non-handheld UE based on the commercial PA capability in the FR1 IMT FDD bands. The similar story should be also applicable for FR1 NTN bands since most of NTN bands are partially overlapping with FR1 IMT bands or adjacent for FR1 IMT bands. 
Observation :  PC1.5 and PC1 are supported for non-handheld UE only based on the commercial PA capability discussion on PC2 in the legacy FR1 FDD bands. 
Based on the above considerations, we propose to update the objective as following:
Introduce and specify PC2 for NR/IoT NTN UE in NTN FR1 bands for both handheld and non-handheld (need confirmation on the co-existence)
Introduce and specify PC1 for NR NTN UE in NTN FR1 bands for non-handheld (the study on co-existence is needed)
Introduce and specify PC1.5 for NR NTN UE in NTN FR1 bands for non-handheld UE (the study on co-existence is needed)
Note: the prioritize the RF requirement definition for PC2 for NR/IoT NTN UE in NTN FR1 bands.
Need further discussion on whether the PC1.5 and PC1 are supported for non-handheld UE only or both handheld UE and non-handheld UE.
Low priority for IoT NTN UE can support PC1 and PC1.5 and work could be start until identification of the uplink coverage issue for IoT NTN and the completion of other items in this WID.
Need further discussion on the prioritization of NTN work in terms of co-existence study.
Need further discussion on high power UE in NTN FR2 bands for non-handheld UE.
4 Conclusions
In this paper, the necessity of Rel-19 new SID for further simplification of band combination are discussed and some views on Rel-19 NTN UE RF enhancement is also proposed. Furthermore, we also analyzed the motivation and justifications for the new SID.
Observation 1: No CR to a SID TR to correct or add the content related to rule/guidance/templates due to SID is closed. However, the discussion is still expected to continue.
Observation 2: If there are new rule/guidance/templates for band combination, it would be discussed in different agenda items and captured in many different WFs in different meetings, which makes it difficult to be tracked.
[bookmark: OLE_LINK2]Proposal 1: It is suggested to follow the similar way as in Rel-18 to keep a TR running with all the valid rules to be captured by a new proposed SI created for further simplification of band combination in Rel-19.
The recommended objectives for the new SID are proposed as below.
	Topic #1:  Rel-19 new proposed SID for further simplification of band combination specification. 
· Recommended Objectives:
A new SI is proposed for further simplification of band combination specification in the stage of Rel-19.
· Rules or guidelines collection for band combination during the timeframe of Rel-19.
· Efforts on possible optimization for specification structure and reduce the signalling load and test burden.
·   RAN2 and RAN 5 work will be triggered by LS from RAN4.
· Study the possible simplifications for HPUE features.
· Rules or guidelines collection for band combination during the timeframe of Rel-19.
· Efforts on possible optimization for specification structure and reduce the signalling load and test burden.
·   RAN2 and RAN 5 work will be triggered by LS from RAN4.
· Study the possible simplifications for HPUE features.
· For the simplification on V2X band combinations, the following PC5 configurations with Uu configurations should be investigated in order to minimize the specification efforts.
·   Inter-band con-current V2X operating bands (TS 38.101-1&TS 38.101-3)
· NR Uu+NR PC5 (TS 38.101-1)
· LTE Uu+NR PC5(TS 38.101-3)
· NR Uu+LTE PC5(TS 38.101-3)
·   Intra-band con-current V2X operating bands (TS 38.101-1)
· Investigate and simplify the working procedure for specifying band combination for future releases, e.g., 6G specifications.
·   Simplifications on BCS for band combinations.
·   Simplifications on band combinations of multiple features, e.g., NR-CA, EN-DC etc.
· A new TR for Rel-19 is to be created for capturing the new rules or guidelines in Rel-19 and handling the common rules or guidelines captured in previous TRs which are also applicable to Rel-19. Guidelines for future releases on band combinations will also be captured.


Proposal 2: no prioritization on power class for NTN coexistence study ;
Proposal 3: Do not consider the high power UE in NTN FR2 bands for non-handheld UE. 
Proposal 4: For IoT UE with PC1 and PC1.5, it should be treated as low priority at the current phase. 
Observation :  PC1.5 and PC1 are supported for non-handheld UE only based on the commercial PA capability discussion on PC2 in the legacy FR1 FDD bands. 
	Introduce and specify PC2 for NR/IoT NTN UE in NTN FR1 bands for both handheld and non-handheld (need confirmation on the co-existence)
Introduce and specify PC1 for NR NTN UE in NTN FR1 bands for non-handheld (the study on co-existence is needed)
Introduce and specify PC1.5 for NR NTN UE in NTN FR1 bands for non-handheld UE (the study on co-existence is needed)
Note: the prioritize the RF requirement definition for PC2 for NR/IoT NTN UE in NTN FR1 bands.
Low priority for IoT NTN UE can support PC1 and PC1.5 and work could be start until identification of the uplink coverage issue for IoT NTN and the completion of other items in this WID.
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