TSG-RAN WG4 meeting #72bis 
R4-145663
Singapore, SG, October 6 – 10, 2014


Source:
InterDigital
Title:
Pcmax definition for Dual Connectivity
Agenda item:
7.13.1
Document for:
Approval
1. Introduction

In RAN4 meeting #72 a way forward related to Pcmax for dual connectivity in [1] has been approved. We are outlining here the main agreements from the last slide for convenience:
1. The legacy maximum configured power Pcmax,c for each Dual Connectivity configured and activated  cell has to be maintained .
2. For Rel-12 timeframe only one uplink serving cell per cell group can be envisioned, thus Pcmax,c with its legacy definition it’s sufficient for determination of the UE maximum configured power per Cell Group .
3. For Dual Connectivity synchronized scenario adopt the Pcmax related requirement from Rel-12 LTE CA inter-band with multiple TAGs with the editorial changes adapting  it to DC terminology.
4. For Dual Connectivity asynchronous scenario companies are invited to investigate how Pcmax per UE can be defined along with Pumax for RAN4#72bis.
5. Companies are invited to investigate if the inter-band legacy Pcmax tolerances are enough in square brackets for RAN4#72bis.
At the same meeting RAN4 agreed to have as UE separate capabilities for synchronous, respectively synchronous+asynchronous operations in [2]. 

Additionally the agreed supported deployment DC scenarios in Rel-12 are inter-band synchronous and asynchronous cases with 1 UL cell per Cell Group [3].

In this contribution we are discussing and proposing a way to specify Pcmax for dual connectivity in Rel-12 following the above agreements.
2. Discussion

2.1 Pcmax per UE for  Dual Connectivity synchronous case
The synchronous case is very similar with LTE CA inter-band with 2 ULs where Pcell and Scell belong to different timing advance groups. The only difference here seams to be the subframes numbering and thus adapting the multiple timing advance (MTA) Pcmax related requirement wording is required.
This can be treated strait forward and besides the MTA text adaptation the entire rest of requirement can be referenced to subclause 6.2.5A from 36.101 the inter-band case.

2.2 Pcmax per UE for Dual Connectivity asynchronous case

For the asynchronous case a similar approach can be used, however there is a clear difference due to the wide overlapping range between subframes from different cell groups.

For Pcmax definition in a subframe n, the UE needs to know the following information for Pcmax,c:  the  MCS and RB allocation, frequency hopping information, and if  there are any SRS transmissions. All this information is already available after DCI decoding from subframe n-4. Thus the UE knows what Pcmax,c would be in subframe n. Similarly for subframes k and k+1 that are overlapping with subframe n (see figure below) in the other eNB connection the above information is available.
When overlapping UL transmissions between unsynchronized cells groups occur, we need to know the Pcmax per UE and define the limits Pcmax_L and Pcmax_H in order to have a complete requirement.

The Pcmax,c in each cell is defined for each and every subframe, and its measurement period is basically 1ms.

If we have UL transmissions that can overlap up to 500us or a slot duration, then we need to take in account the overlapping subframes for Pcmax per UE definition. More than that, in order to maintain a 1ms measurement period we need to define a target measurement subframe. This subframe can be on any UL, but it overlaps with one or 2 contiguous subframes on the other UL.

Proposal 1: In order to maintain a 1ms (subframe) measurement period a target measurement subframe has to be defined.

Proposal 2: The DC target measurement subframe is defined as a subframe in one cell group UL that overlaps with a subframe or a pair of contiguous subframes on the other cell group UL.

In the following paragraph we will discuss and propose a way to define Pcmax for asynchronous case:
If we look at the figure below we can see for instance that subframe n overlaps with subframes k and k+1and for Pcmax definition per UE we need to consider a window in order to have the Pcmax per UE limits properly defined.
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Thus we need to consider both subframes pair combinations (n, k) and (n, k+1) and define two different bounds:
Pcmax_L (n, k)   ≤   Pcmax (n, k)   ≤   Pcmax_H (n, k)
Pcmax_L (n, k+1)   ≤   Pcmax (n, k+1)   ≤  Pcmax_H (n, k+1)

After having these limits we can see that we can eventually define the Pcmax per UE upper and lower bounds for a target (measurement) subframe n duration as:
Pcmax_L ≤ Pcmax ≤  Pcmax_H

Where:
PCMAX_H   = MAX {PCMAX_H   (n,k) , PCMAX_H  (n,k+1)}

PCMAX_L   = MIN {PCMAX_L   (n,k) , PCMAX_L  (n,k+1)}

Where:
PCMAX_H   (n,k) , PCMAX_L   (n,k), respectively PCMAX_H  (n,k+1), PCMAX_L  (n,k+1) are defined in the current subclause 6.2.5A of TS36.101 for LTE CA inter-band case.
If there is only one subframe overlapping pair meaning, only a pair of subframes (n,k), then PCMAX_L   and PCMAX_H for the overlapping pair (n,k) are defined in subclause 6.2.5A for carrier aggregation inter-band case. 

It can be concluded that all the values are contained in the above range that is obviously capped by PpowerClass.

In this way we can define the UE measured configured power Pumax for a target measurement subframe n.

Proposal 3: Define a Pumax per UE during a target measurement subframe n for Dual Connectivity asynchronous case.
2.3 Pcmax tolerances per UE for Dual Connectivity

In our opinion we can adopt the Rel-12 inter-band CA with 2 ULs tolerances for DC as well since DC combinations are a sub-set of inter-band CA combinations. These tolerances were agreed and are specified in the Dual Uplink Inter-band LTE CA related TR 36.860 v.0.10.0 in subclause 5.2.5.2, Table 5.5.5.2-1 that we showing here for convenience:
Table 5.2.5.2-1: PCMAX tolerance dual UL inter-band CA

	PCMAX             (dBm)
	Tolerance 
TLOW(PCMAX_L) (dB)
	Tolerance 
THIGH(PCMAX_H) (dB)

	PCMAX = 23
	3.0
	2.0

	[22] ≤ PCMAX < [23]
	[5.0]
	[2.0]

	[21] ≤ PCMAX < [22]
	[5.0]
	[3.0]

	[20] ≤ PCMAX < [21]
	[6.0]
	[4.0]

	[16] ≤ PCMAX < [20]
	[5.0]

	[11] ≤ PCMAc < [16]
	[6.0]

	[-40] ≤ PCMAX < [11]
	[7.0]


Proposal 4: We propose to adopt for Dual Connectivity the LTE CA inter-band with 2ULs agreed tolerances outlined in the TR 36.860 v.0.10.0 in subclause 5.2.5.2, Table 5.5.5.2-1.

2.4 Dual Connectivity Pcmax definition TP for subclause 6.2.5x
In this paragraph we are showing a text proposal for the Pcmax definition subclause. RAN4 needs to choose a suffix that will eventually replace “x” for the DC related requirements based on the last RAN4 meeting discussions around the suffix added for new features.
Proposal 5: Agree on Pcmax related subclause TP for Dual Connectivity. 
======================= Start Changes ========================
6.2.5x 
Configured transmitted power for Dual Connectivity

For dual connectivity inter-band deployment with one uplink serving cell per cell group, the UE is allowed to set its configured maximum output power PCMAX,c,i on each serving cell of group i, where i is in the set {1,2}, and its total configured maximum output power PCMAX .

The configured maximum output power PCMAX,c,i  on a serving cell c on cell group i shall be set within the following bounds:

PCMAX_L,c,i ≤  PCMAX,c, i ≤  PCMAX_H,c,i

Where PCMAX_L,c,i and PCMAX_H,c,i are PCMAX_L c and PCMAX_H,c, respectively, defined in subclause 6.2.5.

The total UE configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H

When synchronized transmissions occur between cell groups uplink serving cells, PCMAX_L and PCMAX_H, respectively, are defined in subclause 6.2.5A for carrier aggregation inter-band case.

If the UE is configured in Dual Connectivity and synchronized transmissions of the UE on subframe n for a serving cell in one cell group overlap some portion of the first symbol of the transmission on subframe k +1 for a different serving cell in the other cell group, the UE minimum of PCMAX_L between subframes pairs (n, k) and (n +1, k +1) respectively applies for any overlapping portion of subframes (n, k) and (n +1, k +1). PPowerClass shall not be exceeded by the UE during any period of time.

When unsynchronized overlapping transmissions occur between two cell groups uplink serving cells, and a  subframe n from one cell group is overlapping with 2 contiguous subframes k and k +1 on the other cell group then the above PCMAX_L   and PCMAX_H  for a target subframe n duration are defined as follows:

PCMAX_L   = MIN {PCMAX_L   (n,k) , PCMAX_L  (n,k+1)}

PCMAX_H   = MAX {PCMAX_H   (n,k) , PCMAX_H  (n,k+1)}

Where PCMAX_L   and PCMAX_H for each overlapping pairs of subframes (n,k) and (n, k+1) respectively are defined in subclause 6.2.5A for carrier aggregation inter-band case. 

If there is only one overlapping pair of unsynchronized subframes (n,k), then PCMAX_L   and PCMAX_H for the overlapping pair are defined in subclause 6.2.5A for carrier aggregation inter-band case and this range shall be applicable for the entire duration of both subframes.

The UE measured configured maximum output power PUMAX, c,i  of the uplink serving cell c of a cell group i is defined in subclause 6.2.5.

The UE total measured configured maximum output power PUMAX for a target measurement subframe n duration over all serving cells of both defined cell groups is defined as follows:


PUMAX =  10 log10 ∑ PUMAX, c,i 

where pUMAX,c.i  denotes the measured configured maximum output power for serving cell c in cell group i expressed in linear scale. 

PCMAX_L  –  TLOW (PCMAX_L )  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H )

The tolerance T(PCMAX) is defined by the table below and applies to PCMAX_L and PCMAX_H separately.

Table 6.2.5x-1: PCMAX tolerance for inter-band Dual Connectivity 
	PCMAX(dBm)
	Tolerance 
TLOW(PCMAX_L  )(dB)
	Tolerance 
THIGH ( PCMAX_H )(dB)

	PCMAX = 23
	3.0
	2.0

	[22] ≤PCMAX,< [23]
	[5.0]
	[2.0]

	[21] ≤ PCMAX< [22]
	[5.0]
	[3.0]

	[20] ≤ PCMAX, < [21]
	[6.0]
	[4.0]

	[16] ≤ PCMAX < [20]
	[5.0]

	[11] ≤ PCMAX, < [16]
	[6.0]

	[-40] ≤ PCMAX < [11]
	[7.0]


======================= End Changes ========================
3. Conclusion 

In this contribution we discussed the Pcmax definition for Dual Connectivity subclause 6.2.5x for the Rel-12 timeframe and proposed a way of defining Pcmax. If our TP is agreeable to RAN4,  we propose to include it in the 36.101 Rel-12 DC related global CR.
Proposals:
Proposal 1: In order to maintain a 1ms (subframe) measurement period a target measurement subframe has to be defined.

Proposal 2: The DC target measurement subframe is defined as a subframe in one UL that overlaps with a subframe or a pair of contiguous subframes on the other UL.

Proposal 3: Define a Pumax per UE during a target measurement subframe n for Dual Connectivity assynchrounous case.
Proposal 4: We propose to adopt for Dual Connectivity the LTE CA inter-band with 2ULs agreed tolerances outlined in the TR 36.860 v.0.10.0 in subclause 5.2.5.2, Table 5.5.5.2-1.

Proposal 5: Agree on Pcmax related subclause TP for Dual Connectivity. 
References

[1] R4-145518, WF for Dual Connectivity Pcmax, RAN4 #72, Dresden , Germany, NTT DOCOMO 
[2] R4-145333, Way forward on Dual Connectivity deployment scenarios, RAN4 #72, Dresden , Germany, Ericsson 

[3] R4-145334, Way forward for dual connectivity capabilities, RAN4 #72, Dresden, Germany, NTT DOCOMO 

