3GPP TSG-RAN WG4 Meeting #58AH
R4-112206
Shanghai, CHINA 11-15 Apr. 2011
Agenda item:
5.1.3
Source: 
NTT DOCOMO
Title:          A way forward on how to handle insertion loss for inter band CA 
Document for:
Approval
1
Introduction

In the RAN4#58 meeting, how to handle insertion loss due to the introduction of muti-plexers to realize inter band CA was extensively discussed based on two comprehensive way forward contributions [1, 2]. In this contribution, we revisit each contribution and propose modified way forwards based on them. Note that this contribution is the revised version of R4-111864.
2
Basic rules for handling of insertion loss
In [1], there are 6 proposals in the followings.

· Proposal 1: Some relaxation is allowed to maximum output power and reference sensitivity requirement when UE supports LTE inter-band operation.

· Proposal 2: The criteria of the relaxation.

· When IL ≤ 0.5 then Relaxation = 0. 

· When 0.5 < IL ≤ 1 then Relaxation = 0.5

· When 1 < IL  then Relaxation = 1
· Proposal 3: For a given band combination the relaxation caused by additional insertion loss coming from combining the bands is specified separately for each band.
· Proposal 4: Diplexer insertion loss that determines the relaxation has to take into account extreme temperature.
· Proposal 5: MOP and REFSENS relaxations are applicable also in single band mode both in conductive and radiated tests

· Proposal 6: Adopt table 1 relaxation values for MOP and REFSENS for following inter-band CA bands CA_1-5. 
· Note that relaxation values for other band combinations are also proposed in [1], however they are removed in Table 1 according to the last RAN#51 agreement that CA 1-5 is a focal point for the inter band CA discussion in RAN4 until RAN#52.
	Combination
	Bands
	IL over
temperature
	Relaxation

	CA_1-5
	1
	0.58
	0.5

	
	5
	0.49
	0


Table 1 Diplexer insertion losses
It is true that these proposals would not be the best from an operator point of view. However, it is felt that at least Proposals 1 to 4 seem reasonable in the final stage of the discussions on insertion loss. Some analysis is shown in the following:
· For Proposal 1:
· In some cases, it seems that vendors can deal with the insertion loss. This estimation comes from the fact that some terminals, which are commercially available, have already implemented a diplexer without any relaxations for MOP and REFSENS. In addition, both terminal vendors and device vendors are now putting greater efforts into the development of modularization technology to prepare for the further increase of the complexity due to multi-band and multi-mode implementation. As far as we have discussed this issue with device vendors, specifically PA vendors, it seems they might be able to handle up to 0.5dB without significant impact on the design.

· However, they might have to redesign PA from the beginning in other cases, in which they need to compensate for additional 1.0 dB RF front end chain loss. Since terminals which do not support inter band CA would still exist in the market, it implies that two types of PA might be required, i.e. one PA is provided for terminals which support only LTE and the other is for terminals which support inter band CA. Since such a market fragmentation for PA should be avoided, it is felt that some relaxation would need to be introduced. It would not be wise that every terminal, which includes both single carrier terminal and inter-band CA terminal, should implement high performance PA, because it would unnecessarily increase the cost or complexity for single carrier terminals.
· Thus, some relaxation might be necessary in the first stage for difficult CA band combinations. However, when inter band CA would become more popular and advanced PAs would hold dominant market share, then the relaxation should be gradually reduced, which would be beneficial for the total system performance of LTE and LTE-A. It should be noted that it might also depend on the original difficulty which each operating band has from a technical point of view. We can discuss this aspect, but the time for discussion is limited. Thus, finalizing the specification and leaving time to develop the devices seem much reasonable way.
· For Proposal 2:

· Considering the fact that some terminals have already implemented a diplexer for Band 1 + 6 and its insertion loss is around 0.5 dB, this proposal would be reasonable.

· In addition, it is necessary to make clear the reference values to reconsider the relaxation values in the future. Thus, more or less, these rules are necessary.
· Moreover, this is also a “share pain” approach. In practice, the 0.5 dB criterion seems reasonable when we consider the impact on real network in the following two reasons.

· We still believe that Band 1 + 5 can be handled without any relaxation. However, if we change the criteria from 0.5 dB to 0.6 dB, then, no relaxation can be applicable for most band combinations. Therefore, this change will not provide any justification for vendors to compromise.

· According to the results of [1], some relaxation is needed for the operating bands over 1 GHz, but no relaxation applies to the operating bands below 1 GHz. Since the operating bands below 1 GHz would in general be utilized in order to provide wide coverage, the proposed relaxation (no relaxation for low frequency bands and some relaxation for high frequency bands) seems sensible, although the operators can not easily say that it is ok to lose some area coverage even for high frequency bands,.
· For Proposal 3:
· The sentence, which says in [1] that “the absolute frequency of the band also affects hence if one couples high frequency band with low frequency band then the latter will have more loss.” seems well-known at least in RF fields. Thus, we also think that the loss should not be decided based on the way such high/low, high/high, low/low basis.

· For Proposal 4:

· MOP and REFNSES are tested under Extreme Test conditions (ETC). Thus, it seems there is no room to discuss this further.

Next, we revisit the proposal 5 and 6 in [1].

· For Proposal 5:
· TRP and TRS are tested under Normal Test Conditions. Thus, from technical point of view, the amount of relaxation is not the same as that of the MOP and REFSENS. 
· In addition, the TRP and TRS have not been specified yet in 3GPP.
· Since RAN4 needs to first close the conductive requirements, we propose the following.
· An alternative of Proposal 5: MOP and REFSENS relaxations are applicable also in single band mode in conductive tests. The relaxations in radiated tests are FFS until the discussion for TRP and TRS for LTE settle down.
· For Proposal 6:

· If the above proposals are acceptable to vendors and operators, then, this would also be reasonable to them. It is, however, proposed that the relaxation should be in square bracket until RAN4#59 so that interested companies could review it further.
3
Frame work for inter band CA
In [2], a framework for the reference sensitivity and Pcmax specifications was presented. First, we discuss Pcmax, then, the reference sensitivity. The following is the original proposal in [2]. 
<<< Start of the original proposal 6.2.5A in TS 36.101 in [2]>>>
6.2.5A
Configured transmitted Power for Interband CA

For a UE that supports interband CA, the PCMAX_L definition of clause 6.2.5 is modified to include an additional term

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC – TIL }
This modified definition of PCMAX_L shall apply for the interband CA bands defined in Tables 5.5A-1 and 5.5A-2.  The modified definition shall also apply and supercede the definition in clause 6.2.5 for each of the E-UTRA bands that make up the interband CA combinations when taken individually.  

Table 6.2.5A-1: TIL value 

	E-UTRA CA Band
	E-UTRA Band
	TIL

	CA_1-5
	1
	TBD

	
	5
	TBD

	CA_3-7
	3
	TBD

	
	7
	TBD

	CA_4-13
	4
	TBD

	
	13
	TBD

	CA_4-17
	4
	TBD

	
	17
	TBD

	Note:  For the UE that supports both CA_4-13 and CA_4-17, the TIL is TBD.


<<< End of the original proposal 6.2.5A in TS 36.101 in [2]>>>
As for Pcmax, there are three things to be discussed in this section.

· Handling of the Note in the Table 6.2.5A-1
· We think that it would be premature to imply future relaxation at this early stage, i.e. “Note: For the UE that supports both CA_4-13 and CA_4-17, the TIL is TBD.” would be a strong message at this moment. Thus, we propose to add the following note into the table as an alternative.

· An alternative: The “Note” should be modified in the following.

· “FFS for the UE that supports multi-inter band CA combinations”
· The difference between the original and the modified one is that the former seems to be proposed on the assumption that more relaxation is introduced, however the latter simply says that it is FFS, which would be fair at this early stage.
· Definition of TIL
· It should be made clear that TIL should be in line with the amount of relaxation based on the rules already discussed in the section 2, not the real insertion loss.

· The incorporation of P-MPR into the original proposal
· P-MPR is introduced into the PCMAX in RAN4#58 in the following.

· PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC }
· However, P-MPR would not be interdependent of MPR, A-MPR and TC. Thus, it seems the above definition of PCMAX_L would produce unnecessary relaxation, since – TC is outside MAX(MPR + A-MPR, P-MPR). One of the examples is shown below.

· PEMAX  = 23 dBm, PPowerClass = 23 dBm, MPR = 1 dB, A-MPR = 0 dB, P-MPR = 4 dB, TC = 1.5 dB and  post PA loss of 3.5 dB is assumed.

· PEMAX  – TC = 23 – 1.5 = 21.5 dBm
· PCMAX_L = PPowerClass – MAX(MPR+A-MPR, P-MPR) – TC = 23 – MAX(1+0, 4) – 1.5 = 17.5 dBm
· TC has been introduced to compensate for the difficulty in satisfying output power requirement specifically of its lower tolerance. This is based on the proposed fact that there is large difference up to 1.5 dB of frequency response of Tx – Ant characteristic of duplexer between the middle and the edges for some operating bands. It might be said the terminals can increase the power to compensate for the difference. However, in that case, the output power at PA would also increase. Consequently, those terminals might not be able to satisfy some emission requirements such as ACLR and so on. That’s why PCMAX_L is defined to as MIN { PEMAX – TC,  PPowerClass – MPR + A-MPR – TC } for Rel-8. Next, we take a look at P-MPR. When we consider this value, it seems the power at antenna port under conductive region impacts on difficulty in satisfying SAR requirement. Thus, there seems no reason why the terminals can not be allowed to increase the power by 1.5 dB due to TC to compensate for. In the above example, even if TC is added to MPR + A-MPR, the value of 2.5(1+0+1.5) dB is less than P-MPR of 4 dB. Even if terminals increase their power by 1.5dB, still they can satisfy both emission requirements and SAR requirement as shown in the Figure 3-1. Thus, PCMAX_L should be 19 dBm for this case. Finally, we can define PCMAX_L as follows.
· PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR + TC, P-MPR) }
· Note that the definition is corrected. However, this does not mean the requirement is tightened. This is because the test is conducted under the condition that P-MPR is zero dB.
[image: image1.emf]17.5 dBm

19.0 dBm

At antenna port

F

Δ

TC

(4MHz)

21.0 dBm

22.5 dBm

At PA

23.0 dBm 26.5 dBm

22.0 dBm

25.5 dBm

Up until this value, emission requirements 

can be satisfied.

Up until this value, SAR can be satisfied.

Even if terminals increase their power by 

1.5dB, still they can satisfy both emission 

requirements and SAR.


Figure 3-1  Relationship between MPR/A-MPR and P-MPR

Finally, considering the above, we propose the modified Pcmax in the following.
<<< Start of the modified 6.2.5A in TS 36.101 in [2]>>>
6.2.5A
Configured transmitted Power for Interband CA

For a UE that supports interband CA, the PCMAX_L definition of clause 6.2.5 is modified to include an additional term

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR + TC + TIL, P-MPR) }
This modified definition of PCMAX_L shall apply for the interband CA bands defined in Tables 5.5A-1 and 5.5A-2.  The modified definition shall also apply and supercede the definition in clause 6.2.5 for each of the E-UTRA bands that make up the interband CA combinations when taken individually.  

Table 6.2.5A-1: TIL value 

	E-UTRA CA Band
	E-UTRA Band
	TIL
[dB]

	CA_1-5
	1
	[0.5]

	
	5
	[0]

	Note:  FFS for the UE that supports multi-inter band CA combinations


<<< End of the modified 6.2.5A in TS 36.101 in [2]>>>
4
Summary
The followings are modified way forwards on [1].
· Proposal 1: 
· Some relaxation is allowed to maximum output power and reference sensitivity requirement when UE supports LTE inter-band operation.

· Proposal 2: The criteria of the relaxation.
· When IL ≤ 0.5 then Relaxation = 0. 

· When 0.5 < IL ≤ 1 then Relaxation = 0.5

· When 1 < IL  then Relaxation = 1
· Proposal 3: 
· For a given band combination the relaxation caused by additional insertion loss coming from combining the bands is specified separately for each band.
· Proposal 4: 
· Diplexer insertion loss that determines the relaxation has to take into account extreme temperature.

· An alternative of Proposal 5: 
· MOP and REFSENS relaxations are applicable also in single band mode in conductive tests. The relaxations in radiated tests are FFS until the discussion for TRP and TRS for LTE settles down.
· An alternative of Proposal 6: 
· Adopt table 1 relaxation values for MOP and REFSENS in [1] for the CA_1-5.
· Note that relaxation values for other band combinations are also proposed in [1], but they are removed in Table 1 according to the last RAN#51 agreement that CA 1-5 is a focal point for the inter band CA discussion in RAN4 until RAN#52.

	Combination
	Bands
	IL over
temperature
	Relaxation

	CA_1-5
	1
	0.58
	[0.5]

	
	5
	0.49
	[0]


Table 1 Diplexer insertion losses
6.2.5A
Configured transmitted Power for Interband CA

For a UE that supports interband CA, the PCMAX_L definition of clause 6.2.5 is modified to include an additional term

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR + TC + TIL, P-MPR) }
This modified definition of PCMAX_L shall apply for the interband CA bands defined in Tables 5.5A-1 and 5.5A-2.  The modified definition shall also apply and supercede the definition in clause 6.2.5 for each of the E-UTRA bands that make up the interband CA combinations when taken individually.  

Table 6.2.5A-1: TIL value 

	E-UTRA CA Band
	E-UTRA Band
	TIL
[dB]

	CA_1-5
	1
	[0.5]

	
	5
	[0]

	Note:  FFS for the UE that supports multi-inter band CA combinations


5 Conclusion
This contribution reviewed the way forwards proposed in [1, 2]. With careful considerations of them, we proposed some alternatives for part of the way forwards.
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