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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
2.1	RAN1
2.1.1	Agreements
2.1.2	Remaining Open issues
2.2	RAN2
2.2.1	Agreements
2.2.2	Remaining Open issues 
2.3	RAN3
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
The followings are the agreements in RAN4#104be:
TR and TPs
· R4-2217712	Skeleton of TR 38.872
· R4-2217711	TR 38.872 v0.2.0
· R4-2217713	TP and discussion on CA_n5-n28
· R4-2217714	TP and discussion on CA_n8-n20-n28
· R4-2217715	TP and discussion on CA_n5-n8

For CA_n5-n8, the followings are agreed:
Issue 2-1: Whether 2 antenna architecture is down selected for the requirements study
Issue 2-2: Which architecture is based for the UE RF requirement if two architectures are allowed?
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.
Issue 2-3: RF parameters for requirements analysis
· Proposals
The following parameters are needed for the feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range
· n5 Rx filter attenuation level at n8 Tx frequency range
· n8 Tx filter attenuation at n5 Rx frequency range
· n8 Rx filter attenuation level at n5 Tx frequency range
· antenna ISO
· RF front end loss
· Agreements
· Companies are encouraged to provide the RF parameters when the feasibility study is conducted.
· The parameters are not limited to above.

Issue 2-4: Whether the filter can be dedicated, based on the restricted frequency range.
· Proposals
· Option 1: Yes
· Option 2: No
· Agreements
· Both single band filter and dedicated filter can be used in the study.

Issue 2-5: Possible solutions for CA_n5-n8
· Proposals
· Option 1: n8 Tx restricted RBs
· Option 2: n8 TX power reduction
· Option 3: non-simultaneous Rx/Tx between n5 DL and n8 UL
· Option 4: restrict to n5 UL only for 1UL/2DL NR CA_n5-n8
· Agreements
· All of the solutions can be candidates at current stage. The detail solution for the corresponding RF architecture can be analyzed and discussed in future meetings.
· The above solutions are for full filters of n5/n8.

Issue 2-6: IMD for 2UL CA_n5-n8
· Proposals
· Option 1: No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· Agreements
· No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· MSD due to n5 DL and n8 UL overlapping is further studied in both 1UL and 2UL cases.
· This does not prevent from agreeing on any solutions given in Issue 2-5.

For CA_n5-n28, the followings are agreed:
Issue 3-1: Whether the requirements for 1UL CA_n5-n28 can be reused for 2UL CA_n5-n28
 Agreements: Revisit the 2UL cross band MSD compared with 1UL CA in next meeting.

Issue 3-2: Whether both 2 antenna and 3 antenna should be allowed for the requirement analysis
Agreement:
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.

Issue 3-3: RF parameters for requirements analysis
Agreements: Companies are encouraged to provide the RF parameters when the feasibility study is conducted.

Issue 3-4: Other observations and proposals 
Agreements: Companies are encouraged to provide the MSD analysis for CA_n5-n28 considering the already specified 1UL CA_n5-n28 and DC_28-n5.
- Architecture assumption and multiplexer isolation performance needs to be clarified

For CA_n8-n20-n28, the followings are agreed:
· Use 3 antenna UE architecture as the baseline for evaluation.
· Do not preclude 2 and 4 antennas in the study item
Three antenna architecture(s)
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
· For comparison purpose, analysis of alternate two or three antenna solutions are not precluded, and if a worse case is found it can be discussed whether it should be used for the MSD feasibility.
· 10db antenna isolation is used for MSD calculations
· The normal Tx/Rx 50dB isolation is used between UL and DL of the same FDD bands for duplexer/triplexer/quadplexer. If higher insertion loss is needed to meet the 50dB it can be accounted in DeltaT/R
· For different FDD bands within triplexer/quadplexer companies are encouraged to provide feasible isolation between ULs and DLs
· For diversity path, the DL filter provide at least 40dB of Rejection of the UL of the same band and companies are encouraged to provide feasible rejection for UL of other bands.
· Companies are encouraged to provide input on the feasibility of such values

MSD studies
Way forward on IMD3 of CA_n20-n8 UL in n28 DL:
· 5MHz n8 UL at 887.5MHz with 25RB0
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n28 DL at 781.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

Way forward on IMD3 of CA_n20-n28 UL in n8 DL:
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n20 UL at 715.5MHz with 25RB0
· 5MHz n8 DL at 952.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

The followings are the agreements in RAN4#105:
TR and TPs
· R4-2220504  TP for TR 38.872 on CA_n5-n8 architectures
· R4-2220505  TP on CA_n5-n28
· R4-2220506  TP for TR 38.872 to capture the RF architecture assumption and IMD evaluation for CA_n8-n20-n28
· R4-2218418  TR 38.872 v0.3.0

For CA_n5-n8, the followings are agreed:
RF architectures
Baseline RF architecture
[bookmark: _Hlk119483845]Way forward: 
Full n5 and n8 RF filters are agreed as a baseline.
Note: This agreement does not preclude analysis using dedicated RF filters to be captured in the TR. This agreement does not preclude considering dedicated RF filters as discussed in section 7.

[bookmark: _Hlk119485775]Information to be captured in TR with each RF architecture
Way forward: 
Each RF architecture captured in TR should have an assessment on MSD, potential antenna challenges and RF filter challenges 

Number of antennas to be used for deriving requirements
It was agreed in previous meeting that the decision on if 2 or 3 antenna RF architecture is used to specify requirements would be made only in WI phase. While this agreement certainly offers the flexibility, the work is not converging. It is suggested to make further agreements here.
Way forward:
Two-antenna architecture is agreed to be used as baseline.
Three-antenna architecture can be also analysed.  

Overlap of n5 DL and n8 UL with baseline RF architecture
[bookmark: _Hlk119484817]There have been multiple contributions and a lot of discussion on how to manage the overlap between n5 DL and n8 UL when full band n5 and n8 RF filters are used. This topic is essential to be solved to finalise the SI. We need to converge the work, so concrete options are proposed as WF
Way forward:
Companies to propose which of the methods is used to manage the overlap of n5 DL and n8 UL
· Option 1: Restricting UL support to n5 UL only
· Option 2: 2UL but Non-concurrent operation between n5 DL and n8 UL
· NOTE: Check if this kind of configuration is allowed according to current RAN2 specifications

Baseline RF architecture for deriving the requirements
The work seems to be converging towards either architectures supporting n5 UL only in CA_n5-n8 or architectures supporting 2UL but non-concurrent operation of n5 DL and n8 UL. For both of these high-level alternatives there are a few different RF architecture options. 
The following architectures have been discussed:
Two antenna:

[image: ]

[image: ]
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[image: ]
Three antenna:
[image: ]
Way forward:
Companies to propose which RF architecture is used derive requirements
NOTE: Requirements are not specified during the SI

MSD/ΔTIB/ΔRIB evaluations
While no requirements are to be specified during SI phase, it is still beneficial to collect companies evaluations on different architectures.
Way forward:
Companies to provide evaluations on the architectures illustrated in section 5 and in section 7:
· CA_n5-n8 with n5 UL only: 
· n8 Cross-band MSD
· ΔTIB/ΔRIB
· REFSENS impact due to the loading of the overlapping n8 UL and n5 DL, if applicable in the architecture  
· CA_n5-n8 with 2UL and non-concurrent n8 UL and n5DL: 
· n8 Cross-band MSD for 1UL and 2UL
NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB
· ΔTIB/ΔRIB
· CA_n5-n8 with concurrent 2UL/2DL using dedicated RF filtering 
· Cross-band MSD for 1UL and 2UL
NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB
· ΔTIB/ΔRIB

Usage of dedicated RF filters
This topic is very important to be captured properly in the TR, with the purpose to support 2UL 2DL concurrent operation. A clear distinction between full band n5 and n8 RF filters and dedicated RF filters must be made, and the conditions under which requirements could be specified using dedicated RF filters must be clarified.
[bookmark: _Hlk119485938]Information to be captured in TR 
Way forward:
RF architectures using dedicated filters can be captured in TR, but they shall not be mixed with RF architectures using full band n5 and n8 RF filters
Each RF architecture captured in TR should have an assessment on MSD, potential antenna challenges and RF filter challenges

The following RF architectures have been discussed:
NOTE: nX and nY mean the restricted frequency ranges in table below.
	
	UL
	DL

	Frequency x (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency y (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz



Two antenna:
[image: ]
[image: ]
Three antenna:
[image: ]
Conditions for using dedicated RF filters in specifying requirements
Way forward: 
Study the conditions under which requirements could be specified using dedicated RF filters
· Option 1: New bands would be required
· Option 2: New bands would not be required
· Option 3: Other

For CA_n5-n28, the followings are agreed:
[bookmark: _Hlk119488531][bookmark: _Hlk119488442]Reference architectures for CA_n5-n28
[bookmark: _Hlk119488522]Issue 2-1: The two antenna reference architecture
· Proposals
· Option 1:  Architecture a and b (Apple R4-2218368, Skyworks R4-2218387) 
· [image: ]
· Option 2: Only architecture a (Xiaomi R4-2219260, Huawei R4-2219617)
· Option 3: Only architecture b (Qualcomm R4-2219873 provided analysis for architecture b)
· Recommended WF
· Option 1 for further feasibility study. 
· Need to check the n28 (dual duplexer) can be supported with Quadplexer in architecture A.
· Need to check the n28 (dual duplexer) can be supported with Triplexer in architecture B.

Issue 2-2: The three antenna reference architecture
· Proposals
· Option 1: The following architecture (Apple, Skyworks, Xiaomi, Huawei, Qualcomm)
[image: ]
· Recommended WF:
· Option 1.
For n28 implementation, consider separate RF chain for band n28A (703 to 733 MHz / 758 to 788 MHz) and n28B (718 to 748 MHz / 773-803 MHz).
RF requirements impact for CA_n5-n28
Issue 2-3: Tib/Rib for three antenna reference architecture
· Proposals
· Option 1: all are zeroes (ZTE)
[bookmark: _Hlk119585621]Table 9: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



Table 10: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



· Recommended WF
· For CA_n5-n28 with 3 antenna implementation, the TIB,c and RIB,c values are shown below.
Table 9: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0


Table 10: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



[bookmark: _Hlk119673340]Issue 2-4: 1UL cross band MSD issue
· Proposals
· [bookmark: _Hlk119491017]Option 1: Apply single UL MSD specified in 38.101-1 for dual UL MSD for CA_n5-n28 (Murata R4-2218129)
· Option 2: The MSD requirement for DC_28-n5 can be reused for CA_n5-n28 with 2UL. (Xiaomi R4-2219260)
· Option 3: MSD proposal in R4-2219617 (Huawei)
Table 1 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	17.5
	ACLR2

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	888
	30
	2.9
	ACLR2



· [bookmark: _Hlk119491083]Recommended WF
· Issue 2-4: 1UL cross band MSD issue
· Based on the agreed CR R4-2206134, one MSD test configuration (n28 30MHz) can be a reference considering the impacts from band n5 UL. 
Table 5.2.2.5-1 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	800.5
	5
	17.5
	ACLR2



[bookmark: _Hlk119673180]Issue 2-5: 2UL cross band MSD issue
· Proposals
· Option 1: Two UL n5 and n28 combined MSD for n28DL is further studied for different DL channel bandwidths and UL allocations, in order to define a specific 2UL cross-band MSD for n28 DL under the combined interference on n28 and n5UL. (Skyworks R4-2218387)
· Recommended WF
· The following reference exception can be further studied.
Table 5.2.2.5-1 MSD due to two UL band cross band interference for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	TBD
	TBD
	TBD
	TBD

	n28
	
	TBD
	TBD
	15
	TBD
	
	
	
	



For CA_n8-n20-n28, the followings are agreed:
Antenna architecture(s) discussed in RAN4#105.
Multiple companies provided input [2-10] to this band combinations with 3 antenna approaches which are summarized below. 2-antenna and 4 antenna baseline options that were discussed are also shown:
3-antenna Architecture baseline (n28ATX_n28A/n20RX_n20TX Triplexer on Antenna 1, n8TX/n8RX Duplexer on Antenna 2, and n28A/n20RX_n8RX Diplexer on Antenna 3,
[image: 340CAF9E-0C68-46D0-AAAC-94704A87ED83]
2-antenna Architecture baseline (n28ATX_n28A/n20RX_n20TX_n8TX Quad-plexer on Antenna 1, and n28A/n20RX_n8RX_n8TX Triplexer on Antenna 2,
[image: ]
4-antenna Architecture baseline (n8TX/n8RX Duplexer on Antenna 1, n28A/n20RX_n28TX Duplexer on Antenna 2, n28A/n20RX_n20TX Duplexer on Antenna 3, and n8 RX filter on Antenna 4



· Note that in this band combinations, the n28 frequency range is reduced and can be accounted for in the architecture while still supporting full n28 range for other combinations.

3 antenna architecture shown seems like the best compromise with some optimization option for the support of the upper/lower 30MHz of n28 and should be analysed in priority. However, if proponents want to provide analysis for alternate solutions, it should not be precluded.
Similarly, although not prioritized, analysis of the delta for a two-antenna case may be useful for comparison.
Other architecture aspects:
Given that three antenna architecture is still the baseline:
Way forward:
· Provide MSD analysis for the TR (Technical Report)
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
· For comparison purpose, analysis of alternate two or three antenna solutions are not precluded, and if a worse case is found it can be discussed whether it should be used for the MSD feasibility.
· 10db antenna isolation is used for MSD calculations
· The normal Tx/Rx 50dB isolation is used between UL and DL of the same FDD bands for duplexer/triplexer/quadplexer. If higher insertion loss is needed to meet the 50dB it can be accounted in DeltaT/R
· For different FDD bands within triplexer/quadplexer companies are encouraged to provide feasible isolation between ULs and DLs
· For diversity path, the DL filter provide at least 40dB of Rejection of the UL of the same band and companies are encouraged to provide feasible rejection for UL of other bands.
· Companies are encouraged to provide input on the feasibility of such values.

MSD studies
No change in the agreement in the WF from RAN4#104-bis-e [11]. Companies [2, 8, 10] have already provided MSD analysis given the previous WF. The analysis/results of the baseline architecture shall be considered for the technical report.

2.4.2	Remaining Open issues
For CA_n5-n8:
Tib/Rib and MSD studies for 1UL and 2UL.
For CA_n5-n28:
MSD study for 2UL.
For CA_n8-n20-n28:
Tib/Rib and MSD study for CA_n8-n20-n28.
2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues
3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
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v04.75	31.01.2017		minor adaptations for RAN #75
v04.74	28.10.2016		minor adaptations for RAN #74
v04.73	01.09.2016		adaptations for RAN #73 (time units in extra Excel table, RAN6 reporting included)
v04.72	26.05.2016		adaptations for RAN #72 (introduction of NR & GERAN TUs)
v04.71	10.02.2016		minor adaptations for RAN #71
v04.70	30.10.2015		minor adaptations for RAN #70
v04.69	12.08.2015		minor adaptations for RAN #69
v04.68	21.05.2015		minor adaptations for RAN #68
v04.67	01.02.2015		minor adaptations for RAN #67
v04.66	16.11.2014		minor adaptations for RAN #66
v04.65	16.08.2014		minor adaptations for RAN #65
v04.64	22.05.2014		minor adaptations for RAN #64
v04.63	24.01.2014		restructuring for RAN #63 to cover Core & Perf. in one doc file
v03.62	11.11.2013		section 1.2.3 adapted for RAN #62
v03	11.08.2013		section 1.2.3 added on time budget
v02	07.05.2010		history added, some spelling corrections
v01	13.11.2009		First version of the template
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+ Quad-plexer is the “natural” upgrade from current architecture,
+one UL antenna
+ Dual triplexer approach easier, smaller BW/antenna but two UL antennas
- n8 UL on separate antenna for other LBLB combinations
! Both do not work with full band n8 UL and n5 DL as filters load each over in the
overlapped part => n8 UL needs a dedicated switch to be removed
--- n8 UL can still block n5 DL on top of huge MSD
= n8 UL needs a dedicated switch to be removed and no n8 UL
= Alternatively, an additional restricted band n8 UL filter would be needed
EVEN IF n8 UL IS NOT USED IN BOTH 1UL AND 2UL CONFIGURATIONS, A
DEDICATED HARDWARE IS NEEDED COMPARED TO SINGLE BAND
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-n8 UL and n5 DL filters still loading each other via the 10dB antenna coupling

--- n8 UL can still block n5 DL on top of huge MSD

= n8 UL needs a dedicated switch to be removed and no n8 UL

= Alternatively, an additional restricted band n8 UL filter would be needed
THREE ANTENNA DOES NOT SOLVE THE n8 UL ISSUE BETTER THAN 2 ANTENNA
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