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1. Introduction

MPR for multi-cluster transmission to allow for vendors to adopt High Efficiency PA in commercial market have been discussed for several meetings in RAN4. As a result, increasing MPR for multi-cluster transmission has been proposed by some vendors. These proposals and a way forward document [1, 2], however, have not been approved yet since some operators expressed some concerns of the impact on spectrum efficiency and area coverage and so on. 
In this paper, we summarize what we have discussed so far in several RAN4 meetings and finally propose way forward on how to handle this issue.  
2. Overview
First, we understand that mobile industry has been challenging high efficiency PA and heat reduction. In practice, the demand has been growing day by day. We, however, also understand that the demand is to realize high efficiency without losing conventional PA linearity. This is because even now it would be possible to realize High efficiency if losing PA linearity is allowed. 

· Point 1: High efficiency PA (HEPA) should realize high efficiency without losing its linearity.

From this point of view, it seems that proposals to increase MPR for multi-cluster transmission from vendors and some operators originally do not satisfy the definition of HEPA we understand. Now, however, they have clarified that they can keep currently specified MPR/A-MPR for single LTE mode even with HEPA they proposed. Thus, now that it seems the PA satisfies half of the definition we believe. That is, the HEPA cannot keep PA linearity for multi-cluster transmission the same of conventional PAs, but can keep it for single LTE mode. We, however, still believe that the reason why the same of conventional PAs for multi-cluster transmission cannot be kept should be technically clarified. Otherwise, it would be difficult to understand whether the difficulty in keeping the linearity comes from technical issue based on some physics, technical skills or some business issues. Thus, it would be quite difficult to accept the proposal in [1, 2] under this ambiguous situation.
· Observation 2: the reason why the same of conventional PAs for multi-cluster transmission cannot be kept should be technically clarified.
On the other hand, from operator point of view, firstly, keeping the area coverage is essential. However, even the coverage is ensured, it would be quite difficult to just accept increasing MPR( or A-MPR maybe in the future discussion) for multi-cluster transmission as illustrated in Figure 1 since it seems the difference is quite large and we operators will lose something such as average cell throughput and due to lack of flexibility of network operation.
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Figure 2-1: Comparison of MPR for multi-cluster transmission with a single component carrier
It also should be noted that the simulation result on how much MPR is required has come from only one vendor so far. Thus, it would be quite challenging to accept the proposal since it is difficult to determine whether or not the values and its content itself are reasonable or not.

· Observation 3: Input from one vendor is not sufficient. Multiple vendors input should be necessary.

The operators as well as vendors point of view, however, we might lose an opportunity to improve power consumption and heat reduction issue if HEPA is not appearing in the market. Thus, we understand the discussion itself is quite important and valuable even the idea on HEPA is not introduced in 3GPP spec in the end.

3. Clue for a way forward
One point we have to mention might be that even now, operators have accepted large MPR/A-MPR for multi-cluster transmission for intra band contiguous CA and MPR for multi-cluster transmission with a single component carrier. Note that these have already been captured in TS 36.101. If we can start this discussion based on the values already agreed and finally can find out a way to keep it almost the same even with HEPA introduction, then, we might reach a consensus on this issue. 

From the above point of view, it is noteworthy that a method to reduce MPR for multi-cluster transmission for intra band contiguous CA from Rel-10 and 11 has been proposed in [3, 4]. This is because if this is introduced in TS36.101, then, it would mitigate some operators’ concern. Thus, it would be highly desirable if the operators having concern on the proposals in [1, 2] would carefully evaluate the proposal in [3, 4]. 
Next, from vendor point of view, we believe that MPR reduction method would not generate “additional” sever difficulty in their implementation since the proposal just follows pure physics. Of course, vendors who “unnecessarily” utilize MPR to satisfy spectrum emission mask and spurious emission requirement might reprogram some parameters. Note that the introduction needs additional test cases. We, however, believe that it is quite important to utilize spectrum as much as possible and we shall not exclude the way to realize it by reason of test complexity.
Next, it would be meaningful to correctly understand the proposal in [4]. The proposal is as follows.

--------------------------------------------------------an excerpt from proposal [4]------------------------------------------------------ 

For intra-band contiguous carrier aggregation bandwidth class C the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 due to multi cluster transmission is specified as follows 

MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
MA = 
8.2




; 0 ≤ A < 0.025



9.2 - 40A 


; 0.025
≤ A < 0.05



8 – 16A



; 0.05
≤ A < 0.25



4.83 – 3.33A


; 0.25  ≤ A ≤ 0.4,

3.83 – 0.83A


; 0.4  ≤ A ≤ 1,

Where 


A = NRB_alloc / NRB_agg.


CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5]
If the multi-cluster allocation is such that
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the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2A-1, is specified as follows
MPR = CEIL {min(MA, 4.5), 0.5}.

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.

-------------------------------------------------------------End of the excerpt------------------------------------------------------------- 

Note that the following symbols are proposed as well in [4].
Fagg_alloc_low
Aggregated Transmission Bandwidth Configuration. The lowest frequency of the simultaneously transmitted resource blocks.

Fagg_alloc_high
Aggregated Transmission Bandwidth Configuration. The highest frequency of the simultaneously transmitted resource blocks.
FC_agg
Aggregated Transmission Bandwidth Configuration.  Frequency of the centre frequency of the aggregated carriers.
First, one thing we have to recognize is that this proposal is not for multi-cluster transmission with a single component carrier for Rel-11 but for intra band contiguous CA for Rel-10 and 11.
Next, we understand that this proposal mentions that if 5th order intermodulation due to Fagg_alloc_low  and Fagg_alloc_high  does not reach general spurious emission region, then, MPR is CEIL {min(MA, 4.5), 0.5}. That is 4.5 dB at a maximum. It would be, however, difficult to imagine how much advantage this proposal can provide in practical operation scenario. Thus, we illustrate one of the examples as a very simple case as illustrated in Figure 3-1 where Fagg_alloc_low and Fagg_alloc_high are symmetric about FC_agg. Note that Fagg_alloc_low and Fagg_alloc_high are not always symmetric about FC_agg. Thus, this is one of the examples. 
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Figure 3-1: an example of applicable region for reduced MPR method
The Figure 3-1 says that as far as multi-cluster RBs are confined within region A of 25.88 MHz in total for intra band contiguous CA 20 MHz + 20 MHz case, the required MPR is 4.5 dB at a maximum as illustrated in Figure 3-2.
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Figure 3-2: Comparison with MPR currently captured in 36.101 and MPR with its reduction method in [4] within region A
Secondly, the proposal has been for multi-cluster transmission for intra band contiguous CA so far. It should be, however, noted that this method is technically applicable to the case for multi-cluster transmission with a single component carrier as well. In this case, if we assume LTE 20 MHz channel bandwidth, the MPR for region B of 14 MHz as illustrated in Figure 3-3 will become much smaller than that currently specified in TS36.101 as shown in Figure 3-1. Note that the value of MPR for the region B should be carefully evaluated in the future meetings.
[image: image5.jpg]CC =20MHz

FC_agg
Fagg_alloc_low Fagg_alloc_high
* *
Fagg_alloc_low -2*X Fagg_alloc_high +2*X
T Region B T
Fagg_alloc_low -X Fagg_alloc_high +X
X=14 MHz = Fagg_alloc_h gh = Fagg_alloc_low

Fe_age - 35 MHz

OOB region

Fc_age *+ 35 MHz




Figure 3-3: an example of applicable region for reduced MPR method for single component carrier of 20 MHz CBW
4.  Way forward
Considering the above discussion, we propose the following way forward.

· Proposal 1: Overall proposal
1. Compare the following MPR values for multi-cluster transmission with a single component carrier  each other

1. Currenlty specified MPR
2. MPR with HEPA consideration
3. MPR with both HEPA consideration and MPR reduction method

2. Discuss whether RAN4 can accept the MPR with both HEPA consideration and MPR reduction method.
· Proposal 2: For specific to HEPA: at least the below proposals shall be approved in RAN4 if HEPA is introduced.
1. Currently specified MPR and A-MPR for single LTE mode shall not be changed.

2. MPR and A-MPR for future new bands shall be derived from the same linearity of conventional PA models which have been adopted for currently specified MPR and A-MPR
3. The reason additional MPR for multi-cluster transmission with HEPA is required shall be clarified.
4. Inputs from multi-vendors shall be presented and compared to seek for a appropriate characteristic
5. The applicability for HEPA is limited to the multi-cluster transmission for the total aggregated channel bandwidth including a single component carrier ≤ 20MHz.
· Proposal 3: Method to reduce MPR
1. Release to introduce the method should be carefully discussed
· MPR for multi-cluster transmission for intra band contiguous CA and with single component carrier should be handled separately.
· Note that the former was introduced from Rel-10 and the latter was from Rel-11.

2. MPR for multi-cluster transmission for intra band contiguous CA
· A-MPR for some CA bands should be corrected with this method.
· If the introduction was from Rel-11, then, how to handle different MPR/A-MPR tables according to the releases should be discussed in parallel.
3. MPR for multi-cluster transmission with a single component carrier

· The method will be incorporated for this case from Rel-11.
5. Conclusion
In this paper we observed issues we are facing associated with the introduction of HEPA. Based on the discussion above, we propose the following way forwards.
· Proposal 1: Overall proposal

1. Compare the following MPR values for multi-cluster transmission with a single component carrier  each other

1. Currenlty specified MPR
2. MPR with HEPA consideration
3. MPR with both HEPA consideration and MPR reduction method

2. Discuss whether RAN4 can accept the MPR with both HEPA consideration and MPR reduction method.

· Proposal 2: For specific to HEPA: at least the below proposals shall be approved in RAN4 if it were introduced.
6. Currently specified MPR and A-MPR for single LTE mode shall not be changed.

7. MPR and A-MPR for future new bands shall be derived from the same linearity of conventional PA models which have been adopted for currently specified MPR and A-MPR
8. The reason additional MPR for multi-cluster transmission with HEPA is required shall be clarified.
9. Inputs from multi-vendors shall be presented and compared to seek for a appropriate characteristic
10. The applicability for HEPA is limited to the multi-cluster transmission for the total aggregated channel bandwidth including a single component carrier ≤ 20MHz.
· Proposal 3: Method to reduce MPR

1. Release to introduce the method should be carefully discussed

· MPR for multi-cluster transmission for intra band contiguous CA and with single component carrier should be handled separately.

· Note that the former was introduced from Rel-10 and the latter was from Rel-11.

4. MPR for multi-cluster transmission for intra band contiguous CA

· A-MPR for some CA bands should be corrected with this method.
· If the introduction was from Rel-11, then, how to handle different MPR/A-MPR tables according to the releases should be discussed in parallel.

5. MPR for multi-cluster transmission with a single component carrier

· The method will be incorporated for this case from Rel-11.
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