Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #78
R1-143235
Dresden, Germany, August 18th-22nd, 2014
Agenda Item:
7.2.2
Source:
InterDigital Communications
Title:
Definition, range and resolution for PXeNB in dual connectivity
Document for:
Discussion and decision
1 Introduction
RAN1 is currently discussing how to perform power allocation for a UE configured with Dual Connectivity (DC).

During RAN1#77 [1], RAN1 made agreements for power allocation whereby the UE may be configured such that each Cell Group (CG) is assigned a minimum guaranteed amount (PMeNB and PSeNB, respectively) of the total available UE power (PCMAX). It was also agreed that PMeNB ≥ 0 and PSeNB ≥ 0 and left FFS if their sum could exceed 100% of PCMAX.
Following the email discussion [77-13][2], two “way forward” for the details of PMeNB and PSeNB are being considered:
	Agreement 1

· If they are defined as absolute values, PMeNB+PSeNB>PCMAX is allowed.

· PMeNB+PSeNB>Ppowerclass is not allowed.

· FFS: UE behavior when PMeNB+PSeNB>PCMAX.

· If they are defined as ratios of PCMAX, PMeNB+PSeNB>100% is not allowed.

· PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are supported.
Agreement 2

· Working assumption: PMeNB and PSeNB are defined as ratios of PCMAX.
· Note: PCMAX above is linear domain value.

· Following is FFS in RAN1#78:

· Range and resolution of PMeNB and PSeNB.


This contribution further discusses the definition of PMeNB and PSeNB, their respective range and resolution.
Our view is that PMeNB and PSeNB should be defined as ratio of PCMAX, that PMeNB and PSeNB may each be configured independently while only restricted such that 0 ≤ PMeNB + PSeNB ≤ PCMAX, with possible values for PMeNB of [0, 25, 40, 50, 60, 75, 100, spare0] and for PSeNB of [0, 25, 40, 50, 60, 75, spare0, spare1].
2 Power Allocation with PMeNB, PSeNB and remaining power

2.1 Definition of PXeNB 
During email discussion [77-13] [2], the definition of PMeNB and PSeNB was discussed in relation to PCMAX.

The value of PCMAX can vary dynamically from one subframe to another as a function of the applied power reduction (i.e. MPR/A-MPR/P-MPR), which cannot be predicted and which may be up to a relatively high power reduction value.
PMeNB and PSeNB may be defined either as absolute values (e.g. in dBm) or as ratio (e.g. as %) of PCMAX. 

The main differentiators are thus related to:

1) Whether or not the amount of guaranteed power may be affected by variations of PCMAX;

PXeNB as an absolute value

If PXeNB is defined as an absolute value, it remains constant until modified by L3/RRC. This property could be considered to provide means to guarantee a minimum level of power to protect (at least some) transmission(s) of the concerned CG, if the value of PXeNB can be set sufficiently large and as long as PCMAX is not exceeded.

However, PXeNB specified as an absolute value mainly tries to maintain a guaranteed power level to a given CG by collapsing remaining power (if any) as PCMAX decreases. If PCMAX decreases even more substantially, the applied power reduction may become sufficiently high independently of the value of PXeNB such that power available becomes insufficient for the intended level of “protection”. In other words, PXeNB specified as an absolute value does not offer an absolute guaranteed power level, rather it takes and shares PCMAX differently as PCMAX decreases.

Obviously, reconfiguration of PXeNB using L3/RRC cannot compensate for the dynamicity of the variation in PCMAX.
PXeNB as a ratio of PCMAX
If PXeNB is defined as a ratio of PCMAX, PMeNB and PSeNB will vary with PCMAX from one subframe to the other.
This also means that the minimum guaranteed amount of power allocated to a CG may fluctuate, and may result in less guaranteed power when PCMAX is reduced. This is no different than if PXeNB is defined as an absolute value.
In addition, our understanding is that variations of PXeNB due to variations in PCMAX brings no additional burden to the UE implementation and thus does not have any significant impact to the UE processing. The UE is required to determine a new value of PCMAX for each subframe in which it performs an uplink transmissions. The UE can determine this value as soon as it has completed reception of the scheduling information for that subframe and prior to the processing used to determine how to allocate power to different CGs and to different transmissions. 
2) Whether or not there can be cases where the sum of guaranteed powers for each CG may exceed PCMAX;
PXeNB as an absolute value

If PXeNB is defined as an absolute value, it may be difficult to guarantee that the sum of PMeNB and PSeNB does not exceed PCMAX when PCMAX varies. RAN1 would have to define additional rules to handle the case where the sum of PMeNB and PSeNB exceed PCMAX, which would effectively make PXeNB also act as a capping mechanism thereby increasing complexity. Setting PXeNB to small values to avoid exceeding PCMAX may otherwise not provide enough protection to the concerned transmission(s) and instead limit the flexibility of PXeNB.

PXeNB as a ratio of PCMAX
If PXeNB is defined as a ratio of PCMAX, it is trivial to ensure that the sum of PMeNB and PSeNB does not exceed PCMAX.
3) Handling of remaining power (PMeNB + PSeNB < PCMAX);
Remaining power is essentially the portion of PCMAX that is guaranteed to transmissions that are more important due to the UCI that they carry. Remaining power is thus as important as PXeNB as it enables the network to configure the UE using a proper balance between the following aspects:

· L3/Connectivity robustness – by setting PMeNB > 0;

· Fairness between MeNB and SeNB - by setting PSeNB > 0;

· UCI robustness - by setting 1 – (PMeNB + PMeNB) > 0;

A non-zero amount of remaining power also helps to prevent unnecessary scaling of transmissions for a CG when there is still available power to the UE.
PXeNB as an absolute value

The use of absolute values for PXeNB would make it difficult to guarantee a non-zero value for the “remaining power” in any given subframe, as any decrease in PCMAX would always first decrease this component.

PXeNB as a ratio of PCMAX
If PXeNB is defined as a ratio of PCMAX, it becomes trivial to guarantee that there will always be a fraction of PCMAX allocated based on priority rules between types of transmission (exact rules still FFS). Given a proper definition of the priority rules, our understanding is that power allocation for dual connectivity can be made as efficient as for LTE R11 CA provided a proper configuration of PMeNB and PSeNB.

Our view is thus that specifying PXeNB as an absolute value require additional rules and complexity without providing better protection for higher priority transmissions. Specifying PXeNB as a ratio is simpler, and makes it possible to always keep a minimum guaranteed fraction of PCMAX as remaining power for transmissions that carry UCI .    

Consequently, it is proposed that RAN1 first confirm the following:
Proposal 1: 
PMeNB and PSeNB are defined as a ratio of PCMAX.
2.2 Range and Values for PXeNB 
During RAN1#77, it was agreed that that PMeNB ≥ 0 and PSeNB ≥ 0. Other values and combinations were left FFS.
This section refers to the following definition agreed by RAN4#71 Ad Hoc in R4-71AH-0098_r1:

· Synchronized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 33us.

· Unsynchonized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 500us.

In addition, a “look ahead” capable UE refers to a UE that is capable of considering transmissions of a CG later in time when performing allocation of power to transmissions of a CG earlier in time, when those transmissions overlap each other at least partly. It is assumed that a UE configured with dual connectivity in a synchronized deployment is always look ahead capable, as it is a similar case as for LTE R11 CA with multiple timing advance groups (TAGs).
PSeNB = 0 and 0 < PMeNB ≤ PCMAX
This combination may be used such that there is no guaranteed power allocated to the SCG.

The eNB may allocate only a small fraction of PCMAX to PMeNB to protect control plane data (i.e. SRBs on MeNB) and/or a MCG DRB with stringent QoS requirement (e.g. VoIP mapped on MCG DRB) when the UE is also configured with active DRBs for both the MCG and the SCG with similar QoS characteristics. In this case, most of the total UE available transmit power is allocated as “remaining power”. This may be particularly applicable in either the synchronized case or in the unsynchronized case when the UE is look ahead capable.

The eNB may allocate a larger portion of PCMAX to PMeNB to protect most transmissions of the MCG when the UE is mostly active with user plane transmissions in the SCG. In this case, guaranteed power (and possibly most of PCMAX) may be used sporadically for MCG transmissions while otherwise it is available to SCG transmissions. PMeNB = PCMAX is particularly applicable with such configuration, and there is little dependency on whether the deployment is synchronized or unsynchronized or whether the UE is look ahead capable or not.

· A configuration where only a relatively small fraction of PCMAX is treated as remaining power for a single CG should be supported. 

PMeNB = 0 and 0 < PSeNB << PCMAX
This combination may be used such that most of the total UE available transmit power is allocated as “remaining power”, with a fraction guaranteed to transmissions of the SCG.

This may be particularly applicable for a SCG DRB with stringent QoS (e.g. VoIP mapped on SCG DRB) in either the synchronized case or in the unsynchronized case when the UE is look ahead capable.
This may also be applicable for a UE with low mobility, when there is very little control plane signaling.
The benefits of the case where PSeNB is close or equal to PCMAX is however unclear; there seems to be little, if any, incentive for the network to configure a UE such that there would be a risk that transmissions for user plane data (e.g. for a SCG DRB) could potentially starve or become a bottleneck for control plane data  (i.e. SRBs).
· There is no strong need for PSeNB = PCMAX.
PMeNB + PSeNB = 0, i.e. remaining power = PCMAX
This combination may be used such that all of the available transmit power is allocated as “remaining power”. 
The UE then uses priority rules defined for the remaining power (which are still FFS) for all its transmissions.
This configuration may be useful for a synchronized deployment. Such deployment share a lot of commonality with LTE CA with multiple TAGs. In this case, if RAN1 defines rules as similar as possible to those of LTE R11 CA which are then applied across all transmissions when allocating remaining power in dual connectivity, the UE behavior would be well aligned with that for carrier aggregation. For a synchronized deployment, this may be the most efficient configuration for power allocation, assuming that protection of SRB data is not required.
· A configuration where all of PCMAX is treated as remaining power should be supported. 

PMeNB + PSeNB = PCMAX
This combination may be used such that none of the available transmit power is allocated as “remaining power”. 
The UE would then allocate at least the guaranteed portion of PCMAX to each CG.

For unsynchronized deployments, this configuration may be particularly suitable for a UE that is not look ahead capable. The resulting UE behavior may be similar to a semi-static split of the total UE available power.
For a synchronized deployment and for unsynchronized deployments with look ahead capable UEs, it would be additionally possible for the UE to allocate power that is not used by the CG that is earlier in time to transmissions of the later CG. It is however unclear what would be the exact benefit of such a configuration over a configuration with non-zero remaining power in those cases.
· A configuration where none of PCMAX is treated as remaining power should be supported. 

PMeNB + PSeNB > PCMAX
This combination would require additional UE behavior, such as mechanisms to determine a priority between a CG when the UE is power-limited. It is also unclear what would be the benefit of such configuration given that PXeNB per CG would no longer be “guaranteed” and given that schedulers operate independently from each other.

· A configuration where PMeNB+PSeNB > PCMAX is not supported. 

Finally, we expect that RAN1 will define priority rules across all transmissions of the UE for the allocation of remaining power such that proper prioritization of transmissions will be enforced. Given that, our view is that the most important component of PCMAX when allocating transmissions power is the “remaining power”, at least for the synchronized case and for the unsynchronized case with a UE that is look ahead capable. 

Consequently to all of the above, the following is proposed:
Proposal 2: 
The range of values for PMeNB includes 0% and 100% of PCMAX.
Proposal 3: 
The range of values for PSeNB includes 0% but excludes 100% of PCMAX.
Proposal 4: 
PMeNB and PSeNB can be configured independently i.e. only PMeNB + PSeNB > PCMAX is not supported.
2.3 Resolution for PMeNB and PSeNB 
The next step is to determine the resolution of the respective values for PMeNB and PSeNB, taking into consideration the above discussion on the applicable range i.e. [0, 100[ with the restriction that PMeNB + PSeNB ≤ PCMAX always.

It may be enough to specify only a few useful values such that a sufficient number of combinations is available to the MeNB between different levels of PMeNB, PSeNB and remaining power. These combinations should at least include [PMeNB, PSeNB] = [100, 0], a few cases where the sum equals PCMAX and others with varying amount of remaining power.
In terms of signaling bits to add in a RRC PDU, 2 bits (4 values) for each of PMeNB, PSeNB may be too little so 3 bits (up to 8 values) should be considered. Thus, in addition to 0% and 100% of PCMAX a few additional values in the range of 25% - 75% could be added with a little finer granularity. For example, the values [0, 25, 40, 50, 60, 75, 100] with one spare could then be considered for PMeNB. For PSeNB, the values [0, 25, 40, 50, 60, 75] with two spares could then be considered. Those values could be used as a recommendation to RAN2 for inclusion in TS 36.331. RAN2 may then determine how to include those values in the specification of RRC PDUs.
Proposal 5: 
PMeNB can be configured to be one of [0, 25, 40, 50, 60, 75, 100]% of PCMAX.
Proposal 6: 
PSeNB can be configured to be one of [0, 25, 40, 50, 60, 75]% of PCMAX.
Proposal 7: 
Send an LS to RAN2 to inform them of the definition of PMeNB, PSeNB and their possible values for inclusion in the definition of RRC PDUs for dual connectivity .
3 Conclusion

RAN1 should discuss and agree to the following:

Proposal 1: 
PMeNB and PSeNB are defined as a ratio of PCMAX.
Proposal 2: 
The range of values for PMeNB includes 0% and 100% of PCMAX.
Proposal 3: 
The range of values for PSeNB includes 0% but not 100% of PCMAX.
Proposal 4: 
PMeNB and PSeNB can be configured independently i.e. only PMeNB + PSeNB > PCMAX is not supported.
Proposal 5: 
PMeNB can be configured to be one of [0, 25, 40, 50, 60, 75, 100]% of PCMAX.
Proposal 6: 
PSeNB can be configured to be one of [0, 25, 40, 50, 60, 75]% of PCMAX.
Proposal 7: 
Send an LS to RAN2 to inform them of the definition of PMeNB, PSeNB and their possible values for inclusion in the definition of RRC PDUs for dual connectivity .
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