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1. Introduction
The RAN4#AH-1801 discussed contributions of [1, 2] and approved [2] for band combination-based approach for the ultimate purpose of reducing RAN4 workload. Although opinions received in the AH were mostly positive, there was an opinion that it would be better to make a decision in RAN4#86 since most people who are dedicated to LTE CA specific topics did not join the AH. 
Although the band combination-based approach automatically reduces significant duplicated work overlapped over TPs for similar configurations, apart from the improvement from that approach, we occasionally come across some duplicated contents for TP work. This contribution focuses on identifying duplicated work and improving the situation to reduce RAN4 workload.
2. Discussion
2.1. Common to LTE or NR UL CA and EN-DC with 2 bands
2.1.1. Necessity of table to summarize calculation results of harmonics and IMD products
In [3], the followings were proposed.

-----------------------------------------------------------------------------Start of the excerption of [x]---------------------------------------------------------------------------------------------------
Proposal 1 The harmonic and IMD analysis for LTE 1DL/1UL + one NR band as constituent combination for higher level DC combination only needs to be analyzed in TR 37.863-01-01. In the TRs for higher level combinations, a reference to TR 37.863-01-01 for corresponding band combinations in section of Co-existence studies is enough. Only the analysis which is different from that in TR 37.863-01-01 shall be provided additionally. 

Proposal 2 It is proposed to move the table of calculation of harmonics and IMD products to the general part of the TR 37.863-01-01as a guidance and instead using a concise table just summarizes the harmonics and IMD which have impact to the own Rx bands of the band combination. 

-----------------------------------------------------------------------------End of the excerption of [x]---------------------------------------------------------------------------------------------------
In general, it seems that the proposals themselves are quite reasonable. With regard to moving the table to the general part, it would be better to apply this to the other basket WIs. In [3], it was said that “For instance, for DC combinations of DC_1A-3A-7A-20A-n78, DC_1A-3A-5A-7A-n78A and DC_3A-5A-7A-7A-n78A in TR 37.863-04-01, IMD and harmonic analysis for band 3 and n78 have been done triple times”. It is true that band 3 and n78 analysis can be seen triple times. Some aspects, however, cannot be always covered by TR 37.863-01-01 for Dual connectivity (DC) band combinations of LTE 1DL/1UL + one NR band. For instance, in case of DC_1A-3A-n78 with 2UL of 1A + n78, the impact of the IMD and harmonics on Band 7 needs to be considered while this aspect is not covered by TR 37.863-01-01 although co-existence table for harmonics and IMD products is the same.
Hence the following is proposed.

Proposal 1: The table including calculation results of harmonics and IMD products should not be reflected in each band configurations in the TRs. A table to indicate what kinds of IMD products and harmonics is analysed in the TRs will be reflected into the general part of the TRs including 2 bands UL as a guidance.
Regarding the concise table, as was mentioned in the above, the analysis results in TR 37.863-01-01 cannot always cover the all the aspects for the other basket WIs including 2bands UL. Hence different aspects need to be studied in different basket WIs although at least there are some overlapped area exists.

Proposal 2: Co-existence analysis in each TR should focused on not covered by the other basket WIs. In case, the IMD/harmonics issues are identified, the outcome should be provided using concise table proposed in [3]. Note that the table format may need to be modified.

More specifically, the intention of the proposal 2 is summarized in the below Table 2.1.1-1. The table is provided to avoid duplicated analysis in the future meetings.
Table 2.1.1-1: Necessity of co-existence table for harmonics and IMD products
	
	Basket WI
	Covered area for co-existence

	LTE CA
	Inter-band CA Rel-15 for 2DL/2UL
	

	
	Inter-band CA Rel-15 for xDL/2UL with x=3,4,5
	Aspects not covered by 2DL/2UL basket WI should be analyzed and the outcome should be captured using concise table in the TR. 

	EN-DC
	DC band combinations of LTE 1DL/1UL + one NR band
	

	
	DC band combinations of LTE 2DL/1UL + one NR band
	Aspects not covered by DC band combinations of LTE 1DL/1UL + one NR band basket WI should be analyzed and the outcome should be captured using concise table in the TR.

	
	DC band combinations of LTE 3DL/1UL + one NR band
	Aspects not covered by DC band combinations of LTE (1, 2)DL/1UL + one NR band basket WI should be analyzed and the outcome should be captured using concise table in the TR.

	
	DC band combinations of LTE 4DL/1UL + one NR band
	Aspects not covered by DC band combinations of LTE (1, 2, 3)DL/1UL + one NR band basket WI should be analyzed and the outcome should be captured using concise table in the TR.

	
	DC band combinations of LTE 5DL/1UL + one NR band
	Aspects not covered by DC band combinations of LTE (1, 2, 3, 4)DL/1UL + one NR band basket WI should be analyzed and the outcome should be captured using concise table in the TR.

	
	DC band combinations of LTE xDL/1UL (x=1, 2, 3, 4) + Inter NR 2DL/1UL bands
	Aspects not covered by DC band combinations of LTE (1, 2, 3, 4, 5)DL/1UL + one NR band basket WIs should be analyzed and the outcome should be captured using concise table in the TR.

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

	
	Intra-band NR CA (mDL/2UL bands) and inter-band NR CA (nDL/2UL bands) (m and n are FFS)
	The same approach mentioned in EN-DC is applicable.

	Note: The covered area will be changed from Rel-16 if band combination-based approach is adopted.


2.1.2. Necessity of co-existence analysis table for harmonic and IMD for ISM and GNSS bands
In [2], the following alternatives were discussed.

Alt 1: Removing the table at all from every TR

Alt 2: Removing the table for each band configuration for TPs while TRs have a guidance table in the general part
Although there is no clear conclusive justification on which way we should go with, the suggestion is to select Alt 2 since this does not generate future RAN4 work unless new protected ISM/GNSS bands are identified.
Proposal 3: Not include co-existence analysis table for harmonic and IMD for ISM and GNSS bands for each TP. Instead, the following TRs should have guidance table to indicate what kinds of ISM/GNSS bands should be considered in the general part of the TR.

· LTE CA: Inter-band CA Rel-15 for 2DL/2UL
· DC band combinations of LTE 1DL/1UL + one NR band

· Intra-band NR CA (mDL/2UL bands) and inter-band NR CA (nDL/2UL bands) (m and n are FFS)
2.1.3. Handing of UE-to-UE co-existence table
In [3], the following was proposed.

-----------------------------------------------------------------------------Start of the excerption of [x]---------------------------------------------------------------------------------------------------
Proposal 3 It is proposed to include the spurious emission bands for UE co-existence into the TR 37.863-01-01, which should be prepared in the TP for each specific 2UL band combination.

-----------------------------------------------------------------------------End of the excerption of [x]---------------------------------------------------------------------------------------------------
The proposal itself is quite reasonable and help rapporteur generate a big CR. If it is allowed to say, in addition to the proposal, TPs other than for pure 2DL/2UL bands should not include UE-to-UE co-existence table.  The reason is that UE-to-UE co-existence table for current specification of TS36.101 is purely based on 2DL/2UL CA. More specifically, protected bands from 2DL_CA_1A-3A/2UL_1A-3A are different from 3DL_CA_1A-3A-19A/2UL_1A-3A Note that the number of protected bands from 3DL_CA_1A-3A-19A/2UL_1A-3A is of course less than that from 2DL_CA_1A-3A/2UL_1A-3A since in case Band 19 is added, that means the protected bands should be bands available in Japan. As mentioned above, the current specification is based on what 2DL_CA_1A-3A/2UL_1A-3A needs to protect. Although it seems unnecessary requirements are posed on UE, this is not always the case. Since UE supporting 3DL_CA_1A-3A-19A/2UL_1A-3A may go to a certain operator’s network where 2DL_CA_1A-3A/2UL_1A-3A only is operated and that UE works as 2DL_CA_1A-3A/2UL_1A-3A.  
From RAN4 workload point of view, some TPs such that DC_2A-2A-n257A, DC_2A-n257A and DC_2C-n257A included the exactly the same UE-to-UE co-existence table for each TP. Unfortunately, errors were identified and every TP (In total 28 TPs) was revised. These revisions should be avoided as much as possible. Hence, the following is proposed.
Proposal 4: Include spurious emission UE-to-UE co-existence table in TP for the following basket WIs and NOT include that in TP for the other basket WIs.

· LTE Inter-band CA Rel-15 for 2DL/2UL

· DC band combinations of LTE 1DL/1UL + one NR band
· Intra-band NR CA (mDL/2UL bands) and inter-band NR CA (nDL/2UL bands) (m and n are FFS)
2.1.4. Clarification of harmonic and IMD products to be analyzed
It can be seen that some TPs include the following IMD analysis while the other TPs do not. 
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	Two-tone 3rd order IMD products
	fx_low – Max BW-fy
	fx_high + Max BW-fy
	fy_low – Max BW-fx
	fy_high + Max BW-fx


RAN4, however, has not generated requirements even if the IMD hits their own Rx bands. Hence, it would be better for this row to be removed from the guidance table to be included in the TRs in the future. Note that LTE 2DL/2UL CA TR has already removed this row from the guidance table.

Proposal 5: Not include the following Two-tone 3rd order IMD products from the guidance tables to be included in the TRs.
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	Two-tone 3rd order IMD products
	fx_low – Max BW-fy
	fx_high + Max BW-fy
	fy_low – Max BW-fx
	fy_high + Max BW-fx


2.1.5. Observation based on harmonic and IMD products calculation
Each TP captures some comments based on co-existence table for harmonics and IMD products. As one of the examples, the followings are from R4-1801146 for DC_2A-2A-n257A and R4-1800677 for DC_21A-42A_n77A. 

--------------------------------------------------------------Start of the excerption of [R4-1801146 for DC_2A-2A-n257A]----------------------------------------------------------------------------

Based on Table 6.X.3-1

-
2nd order harmonics may fall into LTE frequencies of Band 43

-
3rd order harmonic may fall into LTE frequencies of Band 46

-
2nd order IMD products may fall into Rx frequencies of band n257 and n258

-
3rd order IMD products may fall into Rx frequencies of Band 1, 3, 4, 9, 10, 11, 21, 23, 24, 25, 32, 33, 34, 35, 36, 37, 39, 40, 45, 50, 65, 66, 70, 74,75 and band n257, n258

-
3rd order IMD products may fall into own Rx frequencies of Band 2 and n257

-
5th order IMD products may fall into Rx frequencies of band n260
--------------------------------------------------------------End of the excerption of [R4-1801146 for DC_2A-2A-n257A]----------------------------------------------------------------------------

-----------------------------------------------------------------------Start of the excerption of [R4-1800677 for DC_21A-42A_n77A]------------------------------------------------------------------------------------

Based on co-existence studies of Band 21 + Band n77 and Band 42 + Band n77 captured in TR 37.863-01-01, own Rx impact of the 3rd band is the followings.

-
3rd and 5th order IMD generated by dual uplink of Band 21 + Band n77 may also fall into own Rx of band 42. However, since simultaneous TX-RX of Band 42 + Band n77 is not assumed, there is no IMD issue.

-
4th order IMD generated by dual uplink of Band 42 + Band n77 may also fall into own Rx of band 21. However, since simultaneous TX-RX of Band 42 + Band n77 is not assumed, there is no IMD issue.
-------------------------------------------------------------------------End of the excerption of [R4-1800677 for DC_21A-42A_n77A]----------------------------------------------------------------
The difference between R4-1801146 and R4-1800677 is that the former considers bands to be protected as UE-to-UE co-existence (One UE to different UEs in the same site) while the latter focuses on considering bands being used in DC mode (Simultaneous UL transmission with 2 bands impacts on the bands being configured including the UL bands within a UE).  The analysis of the former itself is good while the information is not used in the real specification since whatever mentioned in the TP, so far protection level has been -50dBm/MHz as default unless otherwise specific requirements are found. In addition, there is a risk that TPs are forced to be revised due to an error for this kind of observation. In fact, R4-1801146 is the revision of R4-1800075 and TPs for similar DC configurations of DC_2A-n257A and DC_2C-n257A were also revised. To avoid that situation, the following is proposed.
Proposal 6: Observation for co-existence result based on guidance table should focus on frequency ranges of FDD Rx bands and TDD bands included in the being analysed LTE CA, NR CA and EN-DC band combination. 
2.2. Clarification on TP including only one mmWave band
2.2.1. TP for EN-DC with LTE xDL/1UL and one mmWave band

Although RAN4#84bis approved a WF on MSD analysis for LTE-NR DC UE [4] where the followings are captured.

· IMD problem : 
· No IMD problems are expected at both LTE bands and NR bands at FR2. Hence, not necessary for study on IMD problems for LTE-NR DC UE between sub-6GHz and FR2. 
· Harmonic problem : 
· Not allow sensitivity degradation by the high order harmonic problem (at least 7th harmonic order) in NR bands at FR2. For the lower order harmonic problem, RAN4 need further evaluation.
There have been still TPs including co-existence analysis for harmonic and IMD products for EN-DC with 2UL of “one LTE band” and “one NR mmWave band” where 6 times of the upper edge of UL band does not fall into the mmWave band. For n257 and n258, careful attention would be needed only when LTE Band 46 and 47 are used as one of 2UL pair with one mmWave band in EN-DC. LTE Band 46 and 47, however, are unlicensed bands. Hence these would not be paired with NR band for EN-DC. For n260, 6th harmonics from any LTE bands does not hit its spectrum.
Observation 1: It is not necessary to include co-existence analysis for harmonic and IMD products in the TP for the five basket WIs for DC band combinations of LTE xDL/1UL + one NR band: x=1, 2, 3, 4 and 5 as far as the paired NR band is mmWave. 
Note that if new NR mmWave bands and LTE bands are introduced, some studies may be needed based on their frequency ranges.
2.2.2. TP for NR 2UL CA

For NR CA of 2DL/1UL, the same principle of TP for EN-DC with LTE xDL/1UL should apply although careful attention would be needed only when mmWave band is paired with the following NR sub6GHz band(s). 

For n257: n79, For n258: n77 and n79, For n260: None

Observation 2: It is not necessary to include co-existence analysis for harmonic and IMD products due to NR CA with 2UL of “one NR sub6GHz band and one NR mmWave band” in case 6 times of the upper edge of NR sub6GHz band does not fall into the paired mmWave band. More specifically, co-existence analysis based on co-existence guidance table (No need of co-existence table collecting all the calculation result) and its outcome with concise table is needed for n257 + n79, n258 + n77 or n79.
Moreover, what Observation 2 means that NR CA with 2UL of one NR sub6GHz band and one NR mmWave band” can be handled simultaneously with constituent 2DL/1UL band NR CA. More specifically, when 2DL_n78-n257/2UL_n78-n257 is studied, the study does not have to wait for the completion of 2DL_n78-n257/1UL_n78 or n257. In Rel-15, unfortunately, they are in different basket WIs. Hence, 2 TPs for 2DL_n78-n257/2UL_n78-n257 and 2DL_n78-n257/1UL_n78 or n257 are necessary but 2DL/2UL TP can just refer to the 2DL/1UL TP except for UE-to-UE co-existence table.

Observation 3: For NR CA of 2DL bands/2 UL bands whose one band is sub6GHz and the other band is mmWave, the CA combination can be discussed in parallel with constituent NR CA of 2DL bands/1UL bands. The TP for NR CA of 2DL bands/2UL bands can refer to the contents of TP for the constituent 2DL bands/1UL bands except for UE-to-UE co-existence table and CA configuration.
2.2.3. TP for EN-DC with NR CA (in total up to 3UL bands)
There are roughly four cases if we consider the current proposed combinations.
· Case 1: xDL/1UL LTE + NR CA of 2DL/1UL bands (NR Sub6GHz + NR mmWave 1)
· Case 2: xDL/1UL LTE + NR CA of 2DL/2UL bands (NR Sub6GHz + NR mmWave 1)

· Case 3: xDL/1UL LTE + NR CA of 2DL/1UL bands (NR mmWave 1 + NR mmWave 2)

· Case 4: xDL/1UL LTE + NR CA of 2DL/2UL bands (NR mmWave 1 + NR mmWave 2)

For the case 2, provided that constituent EN-DC of xDL/1UL LTE + NR sub6GHz, xDL/1UL LTE + NR mmWave 1 and NR CA of NR sub6GHz + NR mmWave 1 specifications are completed, there would be nothing to do for the case 1. Furthermore, this does apply for the case 3 as well even if NR side is 2UL CA since the addition of mmWave to UL does not impact on co-existence analysis. Note that the analysis of the impact from NR sub6GHz band 6th harmonics is already covered by the analysis of NR CA of 2DL/1UL.
For the case 3, as with the case 1, if constituent EN-DC of LTE + NR mmWave 1, LTE + NR mmWave 2 and NR CA of NR mmWave 1 +2 are completed, there is nothing to do for the case 3 even if NR CA is 2UL CA as far as 2UL CA of mmWave 1 + 2 specification is completed.
Observation X: For EN-DC with NR (1UL or 2UL) CA including mmWave band(s), new analysis is not necessary as far as their constituent EN-DC and NR CA specifications are completed. In other words, they can be treated in parallel.  Note that in case NR CA is 2UL bands, EN-DC with NR 2UL becomes 3 UL bands. For UE to UE co-existence table for 3UL bands, one of the table constituent EN-DC of LTE + NR mmWave 1, LTE + NR mmWave 2 or NR CA of NR mmWave 1 +2 can be reused 
2.2.4. Summary for TP including only one mmWave band
The below Table 2.2.4-1 summarize the observations obtained in the above sections. 
Table 2.2.4-1: Summary of handling of TP including only one mmWave band
	
	Num
	Basket WI
	TP handling

	
	
	
	Configuration 
table
	Co-ex 
analysis
	Delta TIB/RIB
	UE-to-UE co-ex
	remark

	EN-DC
	“1”
	DC band combinations of LTE 1DL/1UL + one NR band
	Need
	Need
	Need
	Need
	Co-ex analysis is based on co-ex guidance table (No need of table collecting all the calculation result) and its outcome with concise table and MSD requirements

	
	“2”
	DC band combinations of LTE 2DL/1UL + one NR band
	Need
	No need
	Need
	No need
	Information on No need cells can be covered by the corresponding cells in “1”.

	
	“3”
	DC band combinations of LTE 3DL/1UL + one NR band
	Need
	No need
	Need
	No need
	Information on No need cells can be covered by the corresponding cells in “1”.

	
	“4”
	DC band combinations of LTE 4DL/1UL + one NR band
	Need
	No need
	Need
	No need
	Information on No need cells can be covered by the corresponding cells in “1”.

	
	“5”
	DC band combinations of LTE 5DL/1UL + one NR band
	Need
	No need
	Need
	No need
	Information on No need cells can be covered by the corresponding cells in “1”.

	
	“6”
	DC band combinations of LTE xDL/1UL (x=1, 2, 3, 4) + Inter NR 2DL/1UL bands
	Need
	No need
	Need
	No need
	Information on No need cells can be covered by the corresponding cells in “1”.

	
	“7”
	[DC band combinations of LTE xDL/1UL (x=1, 2, 3, 4) + Inter NR 2DL/2UL bands]
	Need
	No need
	No need
	Need
	Information on No need cells can be covered by the corresponding cells in “1”.

	NR CA
	“8”
	Intra-band NR CA (mDL/1UL bands) and inter-band NR CA (nDL/1UL bands) (m and n are FFS) ( Here Inter band CA including intra band CA only is considered
	Need
	Need
	Need
	No need
	Some band combinations may have a 6TH harmonic issue.

	
	“9”
	Intra-band NR CA (mDL/2UL bands) and inter-band NR CA (nDL/2UL bands) (m and n are FFS) ( Here Inter band CA including Intra band CA only is considered
	Need
	No need
	No need
	Need
	IMD analysis is not necessary while harmonic analysis can be covered by the information in “8”.


Proposal x: For EN-DC including only one mmWave band (From “1” to “7”), each TP should include necessary information based on the Table 2.2.4-1 provided that constituent EN-DC and NR CA requirements are completed.
With respect to NR CA including only one mmWave band, what we additionally need to study for 2UL CA is quite small. More specifically only CA configuration table and UE-to-UE co-existence table are the additional information. Hence, they can be discussed in parallel.
Proposal x: For NR CA including only one mmWave band, each TP should include necessary information based on the Table 2.2.4-1 and the TPs for NR CA of 2 bands DL/1 band UL bands and 2 bands DL/2 bands UL (That is “8” and “9”) can be discussed in parallel. Note that when NR CA of  2 bands DL/2 bands UL is completed, NR CA of  2 bands DL/1 bands UL also needs to be completed at the same time or before. 
3. Conclusion

This contribution discussed the advantage of band combination-based approach in terms of simplification of TP contents, the number of TPs, simplification of specification, prevention of the specification to becomes complicated in the future.
Observation 1: Band combination-based approach will reduce the redundancy of the contents captured in TPs for LTE CA/LTE-DC/NR CA/EN/DC configurations belonging to the same band combination.

Observation 2: Band combination-based approach will reduce the number of t-docs for TPs drastically ( in some cases, the number becomes less than half). 

quality of CRs.
Observation 3: Band combination-based approach will make the specification 36.101/38.101-1/2/3 become even simpler and works as prevention of the specification to become complicated in the future. 

Observation 3: MSD related requirements for inter band CA or DC are basically the same between CA configurations (the number of CCs) and CA band combinations (the number of bands) since the requirements are defined in single CC basis.
Proposal: Restructure basket WIs for LTE CA, EN-DC, NR CA, mixed of them from Rel16 based on band combination-based approach.
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