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1 Background information
As it is useful for the agreements and way forward below, the following assumptions from last meeting are provided:
· UE should support the full range of spectrum for single band operations on n8, n20 and n28
· Use the follow frequency ranges for further discussion for n28 spectrum restriction to support CA_n8-n20-n28. UL: 703MHz~733MHz / DL: 758MHz~788MHz
· The following CBW assumption can be used in future study: n8: 5, 10, 15 / n20: 5, 10, 15, 20 / n28: 5, 10, 15, 20
· The following issues will be analyzed in the feasibility study: 
· UL CA_n8-n20 (IMD3 and IMD5), UL CA_n20-n28 (IMD3). 
· The impact on n20 and n28 out-of-band blocking requirement
· The same RB allocation with single band REFSENS UL configuration is considered as the starting point.
2 GTW agreement
During GTW the following agreement was reached on antenna architecture to be considered for CA_n8-n20-n28. Given this agreement we can focus on 3 antenna architecture to assess this band combinations feasibility.
Agreement:
· Use 3 antenna UE architecture as the baseline for evaluation.
· Do not preclude 2 and 4 antennas in the study item
3 Three antenna architecture(s)
Multiple companies provided input [2-7] to this band combinations with different 3 antenna approaches which are summarized below.
	Antenna #
	Case 1 [2, 3, 4, 7]
	Case 2 [2]
	Case 3 [2]
	Case 4 [6]

	Antenna 1
	Main TRx triplexer:
n28UL/n20+n28DL/n20UL
BW=118MHz
	Main TRx triplexer:
n28UL/n20DL/n8UL
BW=212MHz
	Main TRx duplexer:
n20+n28DL/n8UL
BW=104MHz
	Main TRx triplexer:
n28UL/n20+n28DL/n20UL
BW=118MHz

	Antenna 2
	Main TRx n8 duplexer
n8UL/n8DL
BW=80MHz
	Main TRx triplexer
n28DL/n20UL/n8DL
BW=202MHz
	Main TRx triplexer
n28UL/n20UL/n8DL
BW=257MHz
	Main TRx Quadplexer:
n20DL/n20UL/n8UL/n8DL
BW=169MHz

	Antenna 3
	Diversity Rx duplexer:
n20+n28DL/n8DL
BW=202MHz

	Attributes
	Natural evolution from DC_20_n28 case already specified
Lowest BW per antenna
	Better spacing of filters
Uniform antenna BW but higher for most antennas than case 1
	further spacing of filters
worst case antenna bandwidth

	n20 UL/DL support is duplicated
larger BW on antenna 2 than case 1



Observations: 
· all architectures use the same diversity antenna configuration with 202MHz BW
· Case 1 architecture has the lowest BW for the main TRx antennas with tight duplex gaps on each side of the n28+n20 DL filter
· Case 2 and 3 tend to reduce the triplexer challenges at the expense of BW per antennas
· Case 4 as some redundant support which (to our understanding) avoids some of the performance degradation of the band 20+28 triplexer when n28 is not in use. 
· 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.

With the above observation, Case 1 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 low band antennas may already be limited to large form factor smartphones, it does not seem likely that antenna isolation can be improved if this is implemented more widely. Thus, 10dB antenna isolation should be assumed. For filter components, again with critical LB/LB multiplexing with small frequency gaps the usual FDD band Tx/RX isolations should be the baseline do derive minimum requirements. Additionally, the Tx/Rx isolations to additional bands should be lower by a small amount. 
Way forward:
· 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

4 MSD studies
Based on 38.101-1 and 38.101-3 the following cases are already specified
· DC_8A_n20A with SUO allowed 
· DC_8A_n28A with SUO not allowed
· DC_20A_n8A with SUO allowed 
· DC_20A_n28A with SUO not allowed 
· DC_28A_n8A with SUO not allowed
· CA_n8-n20 1UL
· CA_n8-n28 1UL
· CA_n20A-n28A 2UL

Observations:
· All single band MSDs should already be covered
· IMD3 MSD of DC_20_n8A in n20 and n8 is already specified and can be reused for CA_n8-n20
· All 2 band cases are already specified
· Only MSD to third band needs to be analysed
· IMD3 of CA_n20-n8 UL in n28 DL
· IMD3 of CA_n20-n28 UL in n8 DL

To evaluate the worst case MSD:
· The lowest UL and DL channel BW are used with UL allocation equivalent to the REFSENS case: all channel bandwidths are 5MHz with 25RB (full) UL allocation
· UL and DL frequencies are chosen to center the IMD3 as best as possible
· Based on the above the test points below are proposed
 
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
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