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1. Introduction
So far, there have been a lot of discussions on how to handle the loss due to an additional filter, such as a diplexer. In this contribution, we provide way forward on this issue for DB-DC HSDPA.

2. Summary of the discussions on DB-DC HSDPA
Originally, the handling of this additional filter was discussed for DB-DC HSDPA. Finally, based on [1], the followings were approved and reflected in TS 25.101. According to [1], REFSENS for Band II + IV has been relaxed by 1dB based on the following manner:
· Band combinations: The following three band combinations were discussed.
· Band I + V
· Band I +VIII 
· Band II + IV

· Additional filter characteristics:
· Band I + V and Band I +VIII: A diplexer is needed.

· The insertion loss is low so that REFSENS desensitization is negligible. 
· Band II + IV: A quadplexer is needed.

· The insertion loss is around 1 dB so that the REFSENS desensitization is not negligible.

In [2], diplexer data sheet on some band combinations were provided. Note that the corresponding relaxation was not applied to maximum output power.
3. Way forward
Despite the existence of the above approved specifications, RAN4 has not made good progress in this area for several meetings. The controversial points are as follows:

· From a UE vendor view point of views
· They will lose implementation margin by at least the additional insertion loss.
· Also, the additional insertion loss impacts transmitter requirements as well as receiver ones.
· From an operator point of views:
· It might be acceptable that the cell coverage in inter band non-contiguous CA operation would shrink compared to the R8/9 cell coverage. However, it is never possible to accept the shrink of the cell coverage in case of R8/9 operation [3].
It should be noted that DB-DC HSDPA is an enhancement of HSDPA, and in general it would be inevitable to face some difficulties in its implementation to some extent. Similar discussions happened in the past enhancements, such as HSDPA, HSUPA, and LTE, and RAN4 found a good compromise point between UE complexity and system performance. Here, what is important in this kind of enhancement is not only its reasonability, but also its feasibility, i.e. we should avoid too much increase of complexity, and at the same time expect some improvements to achieve good system performance. In this sense, it is not wise to specify RF requirements based on the worst case performance of currently available devices. If some of devices could meet the requirements, we could say that it is feasible. It is noted that the meaning of “minimum requirements” is not the requirements based on the worst devices, but the minimum requirements required to achieve reasonable system performance. 
From that standpoint, we can say the followings.

· There are commercially available multiplexers such as quadplexer, triplexer and diplexer without any relaxation.
· According to the front end designs, the loss is different from UE to UE, however manufactures have been able to handle this as their implementation issues without any relaxation.

Regarding the latter, a duplexer is one of the front end devices. Here, we merged the results of duplexer characteristics from [4-6] and show them in the following Table 3-1.

Table 3-1: estimated insertion loss and isolation (specified)

	Frequency range 
	UL(Tx) IL
[dB]
	DL (Rx) IL
[dB]
	UL (Tx) Iso

[dB]
	DL (Rx) Iso

[dB]

	Vendor 1 (SAW) [4]

	814-849/859-894 MHz
	3.0
	3.5
	50
	42

	Band V/5
	1.8
	1.8
	54
	45

	Band VIII/8
	3.0
	3.0
	50
	42

	Vendor 2 (SAW) [4]

	814-849/859-894 MHz
	4.5
	5.0
	50
	45

	Band V/5
	1.9
	2.2
	57
	49

	Band VIII/8
	2.7*
	3.5
	55*
	48*

	Vendor 3 (SAW) [4]

	814-849/859-894 MHz
	3.5
	4.0
	50
	42

	Band V/5
	2.5
	2.2
	52
	48

	Band VIII/8
	3.7
	3.5
	53*
	46*

	Vendor 4 (SAW) [4]

	814-849/859-894 MHz
	2.9 (CW)
	3.5 (CW)
	50
	46

	Band V/5
	2.0 (CW)
	2.2 (CW)
	52
	48

	Band VIII/8
	3.0 (CW)
	3.5 (CW)
	50
	42

	Vendor 5 [BAW/FBAR] [5]

	814-849/859-894 MHz
	2.5
	2.5
	50
	50

	EPCOS B7690[5]

	Band V/5
	2.5
	3.0
	48
	50

	Vendor 6 (SAW) [6]

	Band V/5
	2.6
	3.6
	50
	44


From the above table, it seems that there is a large difference of the insertion loss even in the same operating band, however, all the devices could still be handled as a feasible one. Note that the data from vendor 6 is shown as a reference for a band example, and that much better duplexer for Band V/5 is also provided for the market by the same vendor. It implies that it depends on UE vendors which device should be used and that the difference of the insertion loss could be handled without any relaxation. 

Table 3-2: Comparison table of insertion loss

	Frequency range
	Best/Worst
	UL(Tx) IL

[dB]
	DL (Rx) IL
[dB]
	Vendors

	Band V/5
	Best
	1.8
	1.8
	1

	
	Worst
	2.6
	3.6
	6

	
	Difference
	0.8
	1.8
	-

	814-849/859-894 MHz
	Best
	2.5
	2.5
	4

	
	Worst
	4.5
	5.0
	3

	
	Difference
	2.0
	2.5
	-

	Band VIII/8
	Best
	3.0
	3.0
	1

	
	Worst
	3.7
	3.6
	3

	
	Difference
	0.7
	0.5
	


From Table 3-2, it seems PA can handle UL (TX) IL of duplexer up to 4.5 dB. Thus we propose the following.

Proposal 1: If the duplexer UL (TX) IL + additional UL (TX) IL due to multiplexer is more than 4.5 dB, then some relaxation is considered. Otherwise no relaxation is applied to maximum output power.
In the last RAN4 #56, there was discussion on how to handle the number of operating bands which a multiplexer supports. It means that the needed specifications of the multiplexer have not been clear so far. Typically, they would have about 20 dB attenuation across the supported frequency range.  However, the needed attenuation would be different from band to band and depend on the number of operating bands which the multiplexer supports. So, we propose the followings to facilitate the discussion

Proposal 2: When the specifications of a multiplexer is considered, then

2-1: the minimum number of supported operating bands should be considered.

2-2: the minimum necessary attenuation should be considered.

In addition, from Table 3-2, a large variance of IL could be observed for both DL and UL even in the same operating band. For example, there is up to 1.8 dB difference for the Band V/5 DL (Rx). Thus, it can be seen that the proposal of 1 dB threshold in [7] would be feasible for REFSENS. 

Table 3-3: way forward for REFSNS

	Additional Insertion loss(dB)
	Amount of relaxation(dB)

	Loss ≤ 1.0
	0

	1.0 < Loss
	Loss – 1.0


Here, we study the DB-DC HSDPA configurations 1, 2 and 3, respectively. It seems that Band VIII and II would be originally difficult bands to develop among the operating bands in each configuration. Regarding the UL (Tx) IL of each duplexer, it would be about 3 dB for Band II and Band II. Thus, we can obtain that the total IL of Band II duplexer and multiplexer is 4.0 dB(3.0 + 1.0) and the total IL of Band VIII duplexer and diplexer is 3.5 dB(3.0 + 0.5). Thus, in the end, we do not have to introduce any relaxation for all the three configurations for max power. As for the DL (Rx) IL, the highest DL (Rx) IL due to multiplexer is [1.0] dB. Thus, it seems any relaxation for all the three configurations for REFSENS is not needed as well. Note that in Table 3-4, the additional ILs of configuration 2 are handled as [1.0] dB, at this moment, since so far, any concrete specifications of Quadplexer have not been provided, thus they should be provided from UE vendors or chip vendors in the future RAN4 meeting.
Table 3-4: Additional insertion loss and the relaxation for DB-DC HSDPA
	DB-DC-HSDPA configuration
	UL Band
(X or Y)

	DL Bands
(X and Y)

	Additional

IL (dB)
	Max power

relaxation  (dB)
	REFSENS

Relaxation (dB)

	
	
	
	Band X
	Band Y
	Band X
	Band Y
	Band X
	Band Y

	1
	I or VIII
	I and VIII
	0.5
	0.5
	0
	0
	0
	0

	2
	II or IV
	II and IV
	[1.0]
	[1.0]
	[0]
	[0]
	[0]
	[0]

	3
	I or V
	I and V
	0.5
	0.5
	0
	0
	0
	0


4. Conclusion
We propose the way forward to progress the discussion and the needed relaxation for DB-DC HSDPA.
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