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1. Introduction

In this contribution, we discuss the Pcmax definition for LTE – NR DC for range 1.

2. Current LTE DC Pcmax definition and assumptions
In the current LTE DC Pcmax definition we have 2 different assumptions in terms of UL timing difference:

· Synchronous operation (35.21us max difference)

· Asynchronous (up to 500us)

For the synchronous case the LTE CA definition and an additional requirement on handling the Pcmax_L was enough.

For asynchronous operation, a leading subframe was defined as a reference subframe based on first slot overlapping rule and then a min/max rule for the Pcmax range.

The key issue in LTE DC Pcmax requirement was the reference subframe definition, while the processing time was related to the asynchronous operation limitations.

3. NR vs. LTE differences for UL transmissions (HARQ feedback - PUCCH and PDCCH – PUSCH UL grant timing relations) 
Main NR difference consist on different numerologies and the asynchronous HARQ operation which can be configurable in terms of K1 and K2 parameters:

· K1 is referring to the HARQ feedback expected slot transmission and its minimum value can be 0, meaning an intra-slot short PUCCH transmission.

· K2 is referring to the PDCCH, DCI UL grant to the PUSCH expected slot transmission and its minimum value can be 0 as well.
 Observation 1: RAN4 needs to account for K1, K2 = 0 situation when defining Pcmax for LTE-NR DC.
I was suggested in [1] to use for the Pcmax equation all the overlapping NR slots against a LTE TTI. One of the problem we see with the presented proposal is related to K1 or K2 = 0 case as the first overlapping slot. In this case, Pcmax_L can be based only on the first NR slot, because the LTE power cannot change across the TTI (except for SRS symbol if transmitted). For the rest of the LTE TTI, the eNB would expect to see the same power level at the receiver.
Observation 2: If the first overlapping NR slot with the LTE TTI has a K1 or K2 = 0 processing property, then only the first NR slot on the overlap would be significant. The following NR slot cannot affect the LTE subframe/TTI power level.
Thus, the NR processing time (k1, K2) flexibility should be taken in consideration.
4.  LTE – NR DC reference subframe/slot definition for range 1
The following Pcmax for LTE-NR DC discussion use LTE 1ms TTI assumption. However, the concept can be easily extended to sTTI LTE case as well.
Due to n+4 DCI to UL transmission relation for LTE, two cases are possible when evaluating the Pcmax per UE for LTE-NR DC with 1ms LTE TTI:
1. K1 and/or K2 < 4ms

2. K1 and/or K2 >= 4ms
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Fig 1. Overlapping LTE and NR TTI and slots – LTE is reference
If the NR K1 and/or K2 < 4ms then is clear that LTE UL allocation will be first to be known based on figure 1. And thus Pcmax for LTE subframe p will be known first. In this case, LTE will take precedence even if is not leading in time.

Observation 3: If K1 and/or K2 < 4ms LTE UL allocation grant will take precedence over NR and not all the overlapping NR slot allocations could be possibly available for Pcmax evaluation.
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Fig 2. Overlapping LTE and NR TTI and slots – NR is reference

When NR K1 and/or K2 >= 4ms , the NR overlapping slots allocations are available for Pcmax evaluation along with LTE allocations without any problem. Moreover, the NR takes precedence in this case.
Observation 4: If K1 and/or K2 >= 4ms The NR UL allocation grant will take precedence over LTE and all overlapping NR slot allocations are available for Pcmax evaluation earlier than LTE subframes.
With the above observations, we can say that a direct dependence on a K1, K2 values can be established for the reference subframe or slot definition.

Proposal 1: The reference LTE subframe or NR slot is based on K1 and K2 values compared with LTE grant timing relation value (may be generalized further for sTTI cases).
5. Pcmax definition for LTE-NR DC for range 1
We can reuse the old equations from the LTE specification with a proper description of the facts based on the reference subframe/slot definition proposed above.

It also expected that the Pcmax for an NR slot in the sub-6Ghz range to have the same format as LTE single carrier.
For the for a pair of overlapping NR slot q and LTE subframe p the LTE CA  inter-band Pcmax equations are applicable in order to determine the Pcmax_L(p, q) or Pcmax_H(p, q).

Proposal 2:  For a pair of overlapping NR slot q and LTE subframe p the LTE CA inter-band Pcmax equations are applicable for Pcmax_L(p,q) or Pcmax_H(p,q) evaluation.
Let’s take the simple inequalities agreed as a principle for LTE DC without taking any leading rule in account:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
PCMAX_L   = MIN {PCMAX_L(p,q-1) , PCMAX_L(p,q) ,..., PCMAX_L(p,q+n)}
PCMAX_H  = MAX {PCMAX_H(p,q-1) , PCMAX_H(p,q) ,..., PCMAX_H(p,q+n)}

In the above inequations we have the subframe p from LTE and n+1 NR slots. When LTE is the reference frame, not all the NR slots allocations may be available on time for Pcmax evaluation as is in the above equation and thus we must adapt and use whatever is available, knowing that this is the trade-off between LTE and NR DC flexibility.

In the end, we can specify the following requirement:
When NR slots are reference, all terms in the above inequalities shall be used by UE when evaluating Pcmax. 

When LTE subframe is the reference, a minimum of 1 NR overlapping slot shall be used by UE for Pcmax evaluation
Proposal 3: The following Pcmax definition to be adopted:

	        LTE sub-frame p


	NR  slot
 q - 1
	NR  slot 
q
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q+ 1
	NR   slot
 q+ n


PCMAX_L ≤ PCMAX ≤ PCMAX_H

PCMAX_L   = MIN {PCMAX_L(p,q-1) , PCMAX_L(p,q) ,..., PCMAX_L(p,q+n)}

PCMAX_H  = MAX {PCMAX_H(p,q-1) , PCMAX_H(p,q) ,..., PCMAX_H(p,q+n)}

When NR slots are reference meaning K1 and/orK2 >=4ms, all terms for configured transmissions in the above equations shall be used by UE when evaluating Pcmax. 
When LTE subframe is the reference K1 and/orK2 < 4ms, a minimum of 1 NR overlapping slot shall be used by UE for Pcmax evaluation

6. Pcmax measurement/evaluation time
To defined Pumax we need to define the Pcmax evaluation time. We believe that the maximum scheduling time unit between LTE and NR should be the evaluation period.

Proposal 4: For Pumax measurement, the evaluation time shall be the maximum scheduling unit between LTE and NR during the overlapping period.

7. Conclusion 

In this contribution, we discussed and proposed the Pcmax definition for LTE-NR DC for range 1. 
Observations and proposals:

Observation 1: RAN4 needs to account for K1, K2 = 0 situation when defining Pcmax for LTE-NR DC.
Observation 2: If the first overlapping NR slot with the LTE TTI has a K1 or K2 = 0 processing property, then only the first NR slot on the overlap would be significant. The following NR slot cannot affect the LTE subframe/TTI power level.
Observation 3: If K1 and/or K2 < 4ms LTE UL allocation grant will take precedence over NR and not all the overlapping NR slot allocations could be possibly available for Pcmax evaluation.

Observation 4: If K1 and/or K2 >= 4ms The NR UL allocation grant will take precedence over LTE and all the overlapping NR slot allocations are available for Pcmax evaluation earlier than LTE subframes.

Proposal 1: The reference LTE subframe or NR slot is based on K1 and K2 values compared with LTE grant timing relation value (may be generalized further for sTTI cases).

Proposal 2:  For a pair of overlapping NR slot q and LTE subframe p the LTE CA inter-band Pcmax equations are applicable for Pcmax_L(p,q) or Pcmax_H(p,q) evaluation.
Proposal 3: The following Pcmax definition to be adopted:

	        LTE sub-frame p


	NR  slot

 q-1
	NR  slot 

q
	NR  slot q+1
	NR   slot q+n


PCMAX_L ≤ PCMAX ≤ PCMAX_H

PCMAX_L   = MIN {PCMAX_L(p,q-1) , PCMAX_L(p,q) ,..., PCMAX_L(p,q+n)}

PCMAX_H  = MAX {PCMAX_H(p,q-1) , PCMAX_H(p,q) ,..., PCMAX_H(p,q+n)}

When NR slots are reference meaning K1 and/orK2 >=4ms, all terms for configured transmissions in the above equations shall be used by UE when evaluating Pcmax. 
When LTE subframes are the reference K1 and/orK2 < 4ms, a minimum of 1 NR overlapping slot shall be used by UE for Pcmax evaluation
Proposal 4: For Pumax measurement, the evaluation time shall be the maximum scheduling unit between LTE and NR during the overlapping period.
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