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1. Introduction

RAN4 #82bis meeting approved a document on handling of NR bands and LTE/NR band combinations [1]. According to [1], the LTE CA basket WI approach [2] is adopted to handle categorized LTE/NR band combinations (e.g. 1 LTE CC + 1 NR CC) called basket in RAN4 and one delegate is assigned to each of the baskets as a responsible person. However, the type of the baskets and the number of the baskets to be established are still not clear at present. Furthermore, higher order band combinations (e.g. 4 LTE CC + 1 NR CC) were approved at the last meeting without any consideration how to handle their fallback modes. In accordance with [1], RAN4 needs consider how to efficiently manage a significant number of the band combinations in the limited time of Rel. 15. In this contribution, we propose further categorization of the band combination and discuss how to manage such categories in Rel.15 WI. 
2. Categorization of band combination
LTE/NR band combination for 2CC (LTE 1CC + NR 1CC) that is the most essential combination for NSA scenario was approved at the RAN4#82 [3]. Afterward, the combinations for LTE of up to 4 CC + 1 NR CC were also proposed at the last meeting [1] and new combinations into the WID for NR were requested in the RAN4 reflector. In Annexes in the attachment, we listed the latest tables of the proposed NR frequency ranges and band combinations for information purpose. Although the number of the combinations for LTE of up to 4 CC + 1 NR CC is limited at this moment, the number of their fallback modes would increase significantly soon if the similar proposals continue to be made. To address a significant number of combinations, we believe that it would be better to establish at least one more new basket for LTE xDL/1UL + NR 1 CC (x = 2, 3, 4) in Rel.15, and a responsible person should be allocated to the basket. However, as was indicated in the above, the number of combinations for respective values of x would be significantly large. Accordingly, the work load of the responsible person is huge. Hence, we propose to categorize the combinations based on each of the values of x.  In addition, with the consideration of the discussion of maximum channel bandwidth, it is foreseeable to introduce intra band CA for NR. The number, however, would be less compared to that of the other baskets. Also, handling of NR CA purely consisting of NR bands can follow almost exactly the LTE CA basket approach. Hence, one basket for NR CA would be enough at this moment. With due the considerations, we propose the following. Note that LTE 5DL/1UL is also considered since already LTE 5DL CA can be already seen in TS36.101.
Proposal 1: At least five new baskets should be established in Rel.15, and responsible persons should be allocated to the corresponding baskets in addition to the basket for LTE 1CC + NR 1CC combination.
· LTE 2DL/1UL + one NR band combination
· LTE 3DL/1UL + one NR band combination
· LTE 4DL/1UL + one NR band combination
· LTE 5DL/1UL + one NR band combination

· Intra-band NR CA (mDL/1UL) and inter-band NR CA (nDL/1UL) (m and n are FFS)

In addition, completely new frequency ranges which do not have corresponding LTE bands are included in the NR WI. Conventionally, RAN4 has created a new WI for a new band with a new corresponding TR. Thus, at least to leave the history and technical background of the specification for the new bands, it would be useful to create new TRs for each of the proposed new frequency ranges.

Proposal 2: New TRs should be created for new NR frequency ranges which do not have corresponding LTE bands in TS36.101.
Moreover, there have been requests to create a RAN4 TR to capture technical aspects to be discussed in NR WI phase so far. For this request, it would be true that still fundamental technical discussions are on-going in RAN4. Hence, we propose the following

Proposal 3: A new TR should be created to capture all the technical aspects for NR WI in RAN4 other than those for band/band combination specific TRs and testability SI TR. 
3. Handling of fallback modes
As can be seen from the tables in Annexes, the number of proposed NR band combinations is significant. Seemingly, the number is dominated by the LTE/NR band combination for 2CC (LTE 1CC + NR 1CC). However, there are higher order LTE/NR combinations (i.e.  LTE 2, 3 and 4CC + 1 NR CC) in Annex and the required fallback modes for them are not explicitly described in the tables and the number would be also significant. Hence the total number of the proposed combinations is more than what we can see from the tables. In addition, all the combinations are completely new. This situation is quite different from what LTE CA basket WIs to have been established. Most of the combination will belong to multiple higher order combinations as fallback modes and none of them is completed. With this situation, contributions from each company would overlap each other. In addition, it is quite challenging to identify the status of each of the combinations.  To address these issues, firstly we propose to reflect every band combination including highest order combinations as well as their fallback modes in the corresponding basket tables, i.e. LTE 1CC + NR 1CC and LTE xCC + NR 1CC (x = 2. 3, 4). Moreover, as adopted in the CA basket WI approach, contact persons, supporting companies and next level fallback modes for each of the higher order combinations shall be listed in the corresponding tables. This does make clear who and which companies are responsible for respective combinations and which fallback modes we have to complete to finalize the corresponding highest order combinations. 

For instance, the contact person responsible for LTE 4DL/1UL(CA_1A-2A-3A-4A) + NR 1CC of band “x” combination shall prepare the following three tables. Note that in case some of the fallback modes have already captured in the tables in NR WID, they do not have to be additionally proposed. In the following example, as premise, LTE 1CC/NR 1CC of 4+x is handled as it is already proposed and captured in the NR WID. 
Example Table: LTE 3CC/NR 1CC combinations
	Frequency range /LTE band
	NR1 (Frequency range/LTE bands)
	contact name, company
	contact email
	other supporting companies (min. 3)
	Supported next level fallback operations

	CA_1A-2A-3A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_1A-2A + x 
CA_1A-3A + x 
CA_2A-3A + x

	CA_1A-2A-4A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_1A-2A + x 
CA_1A-4A + x 
CA_2A-4A + x

	CA_2A-3A-4A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_2A-3A + x 
CA_2A-4A + x 
CA_3A-4A + x


Example Table: LTE 2CC/NR 1CC combinations
	Frequency range /LTE band
	NR1 (Frequency range/LTE bands)
	contact name, company
	contact email
	other supporting companies (min. 3)
	Supported next level fallback operations

	CA_1A-2A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_1A + x 
CA_2A + x

	CA_1A-3A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_1A + x 
CA_3A + x 

	CA_2A-3A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_2A + x 
CA_3A + x 

	CA_1A-4A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_1A + x 
CA_4A + x 

	CA_2A-3A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_2A + x 
CA_3A + x 

	CA_2A-4A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_2A + x 
CA_4A + x 

	CA_3A-4A
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	CA_3A + x 
CA_4A + x 


Example Table: LTE 1CC/NR 1CC combinations
	Frequency range /LTE band
	NR1 (Frequency range/LTE bands)
	contact name, company
	contact email
	other supporting companies (min. 3)
	Supported next level fallback operations

	1
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	

	2
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	

	3
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	

	4
	X
	Nanashi, A company
	nanashi@A.com
	B, C, D
	


The motivation on this process is that to mitigate the burden the responsible person needs to take since the number of the combinations is significant. With this information, each of the responsible persons can map necessary information onto their own responsible table. Overall procedure is illustrated in Figure 1. With respect to the deadline of the below proposal 4, the reason is that it would take time to clean up the tables since all the combinations are new hence requests for a certain combination may overlap among the contact persons for different higher order combinations. In this case, the responsible persons and the involved contact persons need to make arrangements to select one contact person for the each of the combinations.  
Proposal 4: Contact persons of the LTE xDL/1UL + NR 1CC (x = 2, 3, 4) combinations shall share the information on required fallback modes for the corresponding combinations.

· A certain format shown in the section 3 shall be used.

· The information should be shared on the [3GPP_TSG_RAN_WG4@LIST.ETSI.ORG] with the prefix [Fallback LTE xCC/NR 1CC] in the title by 29th May. Note that x can be 2, 3 and 4 at present.
Proposal 5: Each of the persons responsible for each of the baskets needs to reflect the proposed band combinations including fallback modes in their responsible table based on the report from the contact persons, and should share the table on the [3GPP_TSG_RAN_WG4 @LIST.ETSI.ORG] with the prefix [Basket LTE xCC/NR 1CC] in the title by 9th June.  Note that x can be 2, 3 and 4 at present.
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Figure.1 Overall procedure
4. Details of each basket 
If any NR/LTE band combination can be proposed without any specific procedures, the specification work would be unmanageable. Hence, RAN4 had introduced the LTE CA basket WI approach and has followed it.  For the same purpose as adopted in LTE CA basket WI approach, it was approved that RAN4 follows the same approach for LTE CA basket approach of [2] to facilitate the NR WI discussion [1].  In the following subsections, the definition of each basket is elaborated. 

Proposal 6: To efficiently handle band combinations, the common rules in subsections of 4.1, 4.2 and 4.3 should be adopted.
4.1 DC of LTE band (1DL/1UL) + one NR band
This basket consists of the combinations of one band from LTE and one band from NR. This basket is the lowest order combination. Hence, combinations can be requested directly without completing any other band combinations in Rel15 time frame.
4.2 DC of LTE CA for xDL/1UL(x=2, 3, 4, 5) + one NR band
This basket WI consists of any type of inter band LTE CA and/or intra-band CA configurations of xDL/1UL + one NR band. Like LTE CA basket WI, fallback modes should be handled in the corresponding basket WI.
In this basket, the followings are the common rule. When DC of LTE CA configuration of xDL/1UL + NR band (1DL/1UL) is proposed, 
1. Specifications for the LTE CA configuration of xDL/1UL shall be completed in advance.
4.3 Intra-band (mDL/1UL) and inter-band NR CA (nDL/1UL) 
For this case, the same approach as LTE can be reused, i.e. follow Sect. 2.1.1 and  2.1.2 in [2].
5. Foreseeable basket: DC of LTE CA for xDL/1UL(x=1, 2, 3, 4, 5) + NR CA for mDL/1UL(m=2, ..FFS) 
This basket WI consists of any type of LTE CA and NR CA configuration including mixed intra and inter band CA.In this basket WI, the followings are the common rule. When a LTE CA configuration of xDL/1UL + NR CA configuration of mDL/1UL is proposed, 
1. specifications for the LTE CA configuration of xDL/1UL shall be completed in advance.
2. specifications for the NR CA configuration of mDL/1UL shall be completed in advance. 
3. specifications for the LTE CA configuration of (x-1)DL/1UL + NR CA configuration of (m-1)DL/1UL shall be completed in advance.
6. Management of harmonics, IMD and MDS analysis
As the higher order band combinations (e.g. LTE 4CC + NR 1CC) were already proposed, RAN4 needs to consider how to efficiently manage specification work for them in the limited time of Rel.15. In this section, we propose the management of harmonics, IMD and MSD analysis.
All positions where IMDs & harmonics due to a pair of two UL signals fall into can be identified. Figure 2 illustrates a simplified case for IMD analysis. When the IMD/harmonics analysis for DC of one LTE and one NR band is conducted, all the positions of IMD/harmonics can be identified. The IMD illustrated in Figure 1(a) does not affect any DLs for DC of one LTE and one NR band case. Hence, for this DC combination, the IMD is ignored. However, when it comes to considering DC of 2DL/1UL LTE CA and one NR band, the impact on the newly added LTE DL needs to be considered.
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Figure 2. IMD location

This means that identifying where harmonics and IMD fall into and which ones impact on which DL with certain orders of IMD/harmonics can be conducted simultaneously for all the fallback combinations for the higher order band combinations (e.g. LTE 4CC + NR 1CC). Hence, identification of impacted DL(s) from IMD and harmonics for higher order band combination can be directly conducted without step by step approach considering respective similar analysis for the relevant fallback modes.  However, if we aimed to derive all MSD values without careful consideration, such approach would cause a risk that Rel.15 NR WI cannot be completed. Since the number of proposed band combinations was already significantly large, the amount of MSD analysis would be also large. In addition, some of DC of LTE 1CC and NR CC will be shared among different operators. Hence, if deriving MSD values for higher order band combinations was conducted with any principle or procedure, in case the higher order band combination was not completed, the associated DC of LTE 1CC + NR 1CC could be taken along. To avoid this situation, a common rule is needed for harmonics, IMD and MSD analysis as follows.
1. Harmonics and IMD analysis can be conducted in parallel among LTE xCC + NR 1CC cases (x= 1, 2, 3, 4, 5).

2. MSD analysis for the most essential case (i.e. x =1) is prioritized among the combinations for the DC of LTE xCC + NR 1CC (x = 2, 3, 4, 5).
3. If MSD analysis for the lower order combination with “x” is completed or going to be completed, the analysis for the next level combination with “x+1” can be conducted.
· “Completed” means that MSD analysis and specification are completed.
· “Going to be completed” means that the noise level due to the corresponding harmonics/IMD can be determined and relevant specification work (i.e. definition of UL configurations etc.) is completed. More specifically, the status is what we have to do is that just put the MSD values into the spec by calculating the MSD from the increase of noise level due to IMD/Harmonics and reference sensitivity for LTE and/or NR. 
Proposal 7: For the handling of harmonics, IMD and MSD analysis, common rule in section 6 should be adopted.
7. WID, Status report and Technical report
For the status and technical reports, the “similar” approach as LTE [2] should be adopted for LTE/NR band combination in Rel.15 timeframe. For Rel.16 and later, the following rules can be revised according to the situation.
7.1 Overall
1) Basket tables for individual categorized band combinations will be created within NR WID. Although in Rel-15 timeframe they are not the WIs, the corresponding TRs will be allocated for the corresponding baskets.

1. During release 15, the tables for respective baskets will be revised with requests of additional LTE-NR DC or NR CA combinations and will be incorporated in NR WI.
2. Whether there are editorial errors on revised basket tables and technical concerns on the included LTE-NR DC or NR CA combinations shall be reviewed in RAN4 before RAN Plenary and the status is shared with RAN Plenary.

3. New LTE-NR DC or NR CA combinations not endorsed in RAN4 are not included in the basket tables to be incorporated into NR WI.
4. The proponents of these not included LTE-NR DC or NR CA combinations can submit a discussion paper to the RAN Plenary and then RAN will take a decision.
5. If RAN approves the LTE-NR DC or NR CA combinations, the additionally approved ones will be captured into corresponding basket tables in NR WI.

2) Proponents on a particular LTE-NR DC or NR CA combination need to contact the responsible person for the individual basket tables and send the combination information in the reflector to have their combination added to the corresponding basket tables prior to the submission deadline. The LTE-NR DC or NR CA combinations that miss the deadline above of RAN4 regular meeting (not a bis meeting) will not be included in the updated NR WID submitted to RAN plenary. Note that in order for the contact persons and the responsible persons to share a common understanding about the request on proposed combinations, it would take some time. The information needs to be shared on the reflector called “3GPP_TSG_RAN_WG4@LIST.ETSI.ORG”. Delegates are reminded that timely reflecting the requests for each combination in advance of TSG/WG meetings is important to allow for full and fair consideration of such matters and to avoid causing troubles in RAN Plenary project management perspective
a.      The proponents need to share the following information. 

1 LTE-NR DC or NR CA combination including required information, e.g. channel bandwidths, BCS and Maximum aggregated bandwidth. The detail is FFS.
2 Contact person, company name and his or her e-mail address

1. Note that the contact person shall be responsible for the information.

2. Note that each combination has one contact person.

3 Other supporting companies (min. 3)

4 All the next level fallback LTE-NR DC or NR CA combinations to be supported regardless of the status to have been already specified, not specified and being specified. 

1. The intention is clarifying the conditions of its completion. There is a high risk that later we miss specifying some fallback combinations if people do not have a perfect common understanding of the fallback combinations.

5 Any important side conditions if any.
1. If the conditions are complicated, submission of a different RAN4 discussion paper to elaborate them is desirable and it is referred to in the WID.
6 In the individual basket tables in NR WI, all of the lower order fallback modes (last column) status shall be clarified (if they’re completed, ongoing or new). Furthermore, last column shall list all fallback modes (not lower order only) which need to be completed, in order to introduce combination listed in the first column.

7 LTE-NR DC or NR CA combinations will be added to big CRs only after written request from contact person. When contact person sends a request to Rapporteur(s), all “ongoing/new” fallback modes progress information shall be provided. Before RAN4 meeting, contact person shall inform Rapporteur(s) on potential completion of CA combination(s) during that meeting.
3) The responsible persons will maintain the corresponding basket tables in the NR WI and the corresponding TRs throughout the release timeframe

4) The responsible persons will provide a Status Report to the rapporteur of NR WI based on the inputs of the contact persons:
a.
For each not yet completed LTE-NR DC or NR CA combination of the basket tables, the contact person shall provide the status of his or her combination, i.e. which CR (RAN4 Tdoc) is submitted for which spec and whether the standardization of this combination is completed (completed: yes/no). 

b.
A LTE-NR DC or NR CA combination can only be considered as completed when ALL fallback mode combinations (which may be in different baskets tables) are completed. It is the responsibility of the contact person to verify the status of the fallback modes.  The contact person shall also list all the next level fallback combinations to be completed in the same REL and its status (completed: yes/no) in the status report.
c.
Not yet completed LTE-NR DC or NR CA combinations where no input to the status report is provided to the responsible persons are considered as no longer relevant and will be removed in the next revision of the basket tables in the NR WI at the same RAN meeting. No CRs will be approved by RAN for this combination.

5) In Rel-15, new specification editors for TS38.101 will provide a Big CR for TS38.101 including completed LTE-NR DC or NR CA combination (note: The CR cover sheet shall list which LTE-NR DC or NR CA combinations are covered in this CR.)
a.      The other associated CRs such as TS38.104/141/133/307 can be handled by the corresponding specification editors.


      (note: The CR cover sheet shall list which combinations are covered in this CR.)
b. The TS38.104/141/133/307 CRs can include the LTE-NR DC or NR CA combinations only when the Big
CR(s) for TS38.101 including them is agreed in RAN4.
6) The NR WID and TRs remain open until the end of release

7) When the work with specific LTE-NR DC or NR CA combination is completed the CRs can be approved by RAN plenary

8) New LTE-NR DC or NR CA combinations can be added during the release and the basket tables and the NR WID will be revised accordingly

9) The TRs will be presented for information when the first LTE-NR DC or NR CA combination is completed

10) The TRs will be presented for approval when the release is completed

11) At the end of the release, incomplete LTE-NR DC or NR CA combinations will be moved to the next release.
Proposal 8: For the handling of NR WID, Status report and Technical report, the common rule in the section 7.1 should be adopted.
7.2 TR for Rel. 15 NR WI

According to the section 7.1, we proposed to make the following TRs.
Proposal 9.  At least the TRs listed in the section 7.2 should be created for Rel.15 NR WI. 
	WI title (tentative)
	TR in REL-15
	Status Report (tentative)
	rapporteur
	company

	General aspects for NR WI 
	TBD
	SR for general aspects for NR WI 
	TBD
	NTT DOCOMO

	New frequency range for NR (3.3-4.2 GHz)
	TBD
	SR for New frequency range for NR (3.3-4.2 GHz)
	[SHAO Zhe]
	[CMCC]

	New frequency range for NR (4.4-4.99 GHz)
	TBD
	SR for New frequency range for NR (4.4-4.99 GHz)
	Yousuke Sano
	NTT DOCOMO

	New frequency range for NR (24.25-29.5 GHz)
	TBD
	SR for New frequency range for NR (24.25-29.5 GHz)
	[Ilwhan Kim]
	[KT]

	New DC band combination of LTE 1CC + NR 1CC
	TBD
	SR for new DC band combination of LTE 1CC + NR 1CC
	Kei Ando
	NTT DOCOMO

	New DC band combination of LTE 2DL/1UL + one NR band
	TBD
	SR for new DC band combination of LTE 2DL/1UL  + one NR band
	TBD
	TBD

	New DC band combination of LTE 3DL/1UL + one NR band
	TBD
	SR for new DC band combination of LTE 3DL/1UL  + one NR band
	TBD
	TBD

	New DC band combination of LTE 4DL/1UL + one NR band
	TBD
	SR for new DC band combination of LTE 4DL/1UL  + one NR band
	TBD
	TBD

	New DC band combination of LTE 5DL/1UL + one NR band
	TBD
	SR for new DC band combination of LTE 5DL/1UL  + one NR band
	TBD
	TBD

	-
Intra-band NR CA (mDL/1UL) and inter-band NR CA (nDL/1UL) (m and n are FFS)
	TBD
	SR for -Intra-band NR CA (mDL/1UL) and inter-band NR CA (nDL/1UL) (m and n are FFS)
	TBD
	TBD


7.3 Band combinations for updating Rel.15 NR WID
From the tables in Annex, there are still some frequency ranges and LTE/NR DC combinations whose contact persons is missing and/or the number of supporting companies is less than three. In accordance with [2] and the common rule described in the section 7.1, such frequency ranges or band combinations will be removed from the tables. It is the NR frequency ranges and/or band combinations whose rows in the tables are coloured in gray that they do not meet the requirements at present.
Proposal 10: Only frequency ranges and/or LTE/NR band combinations meeting the requirements described in the common rule in the section 7.1 should be reflected in the tables [4] to be endorsed for updating Rel.15 NR WID [5] in RAN#76.
Proposal 11: The frequency ranges or LTE/NR band combinations which are not meeting the requirements will be removed from the tables in [4]. Interesting or supporting companies should strive to satisfy the requirements (e.g. contact person and supporting companies) in an urgent manner to have their frequency range and band combinations.
8. Conclusion

Based on the above, we propose and observe the followings.
Proposal 1: At least five new baskets should be established in Rel.15, and responsible persons should be allocated to the corresponding baskets in addition to the basket for LTE 1CC + NR 1CC combination.
· LTE 2DL/1UL + one NR band combination

· LTE 3DL/1UL + one NR band combination

· LTE 4DL/1UL + one NR band combination

· LTE 5DL/1UL + one NR band combination

· Intra-band NR CA (mDL/1UL) and inter-band NR CA (nDL/1UL) (m and n are FFS)
Proposal 2: New TRs should be created for new NR frequency ranges which do not have corresponding LTE bands in TS36.101.
Proposal 3: A new TR should be created to capture all the technical aspects for NR WI in RAN4 other than those for band/band combination specific TRs and testability SI TR. 
Proposal 4: Contact persons of the LTE xDL/1UL + NR 1CC (x = 2, 3, 4) combinations shall share the information on required fallback modes for the corresponding combinations.

· A certain format shown in the section 3 shall be used.

· The information should be shared on the [3GPP_TSG_RAN_WG4@LIST.ETSI.ORG] with the prefix [Fallback LTE xCC/NR 1CC] in the title by 29th May. Note that x can be 2, 3 and 4 at present.
Proposal 5: Each of the persons responsible for each of the baskets needs to reflect the proposed band combinations including fallback modes in their responsible table based on the report from the contact persons, and should share the table on the [3GPP_TSG_RAN_WG4 @LIST.ETSI.ORG] with the prefix [Basket LTE xCC/NR 1CC] in the title by 9th June.  Note that x can be 2, 3 and 4 at present.
Proposal 6: To efficiently handle band combinations, the common rules in subsections of 4.1, 4.2 and 4.3 should be adopted.
Proposal 7: For the handling of harmonics, IMD and MSD analysis, common rule in section 6 should be adopted.
Proposal 8: For the handling of NR WID, Status report and Technical report, the common rule in the section 7.1 should be adopted.
Proposal 9.  At least the TRs listed in the section 7.2 should be created for Rel.15 NR WI. 
Proposal 10: Only frequency ranges and/or LTE/NR band combinations meeting the requirements described in the common rule in the section 7.1 should be reflected in the tables [4] to be endorsed for updating Rel.15 NR WID [5] in RAN#76.
Proposal 11: The frequency ranges or LTE/NR band combinations which are not meeting the requirements will be removed from the tables in [4]. Interesting or supporting companies should strive to satisfy the requirements (e.g. contact person and supporting companies) in an urgent manner to have their frequency range and band combinations.
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If a certain fallback mode is already included in WID, no need to capture it








