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1 Introduction
An LS [1] from RAN2 asked following question: 

	RAN2 kindly asks RAN1 to investigate whether relaxation of UE requirement is needed regarding processing time for Type 2 PH reporting and to inform RAN2 if any impact to Type 2 PH reporting is expected.


In this contribution, we analyze the potential challenges in term of UE processing time requirement for reporting Type 2 power headroom (PH) in case that PUCCH format 1b with channel selection is configured.
2. Discussion 
The RAN2 specification [2] specifies the power Headroom reporting procedure for UE in section 5.4.6. In a nutshell, the specifications state that UE is required to know whether there is PUCCH transmission on the PCell in the TTI carrying the PHR before constructing Extended PHR MAC Control Element (CE), if both extendedPHR and simultaneousPUCCH-PUSCH are configured, which is also shown below with blue text to highlight the relevant wordings. 
	5.4.6
Power Headroom Reporting

…

-
if extendedPHR is configured:
-
for each activated Serving Cell with configured uplink:

-
obtain the value of the Type 1 power headroom;
-
if the MAC entity has UL resources allocated for transmission on this Serving Cell for this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured:
-
obtain the value of the Type 2 power headroom for the PCell;

-
if the MAC entity has a PUCCH transmission in this TTI:

-
obtain the value for the corresponding PCMAX,c field from the physical layer;
-
instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHR MAC control element as defined in subclause 6.1.3.6a based on the values reported by the physical layer;
...


Observation 1: When both extendedPHR and simultaneousPUCCH-PUSCH are configured, UE needs to know whether there is PUCCH transmission in the TTI carrying the PHR before constructing PHR MAC Control element (CE).
Consider a UE configured with extendedPHR and simultaneousPUCCH-PUSCH. Further the UE is operating in FDD mode and is configured with 2 DL carriers and PUCCH format 1b with channel selection for the HARQ-ACK feedback as per section 10.1.2 of TS 36.213 [3]. According to the PUCCH format 1b with channel selection, the exact PUCCH resource used for the HARQ-ACK feedback is a function of decoding result of the DL TB and in specific cases the PUCCH may eventually get cancelled. This follows from the tables 10.1.2.2.1-3/4/5 in 36.213 where the last entry in the tables specifies no PUCCH transmission (DTX). 

Take Table 10.1.2.2.1-3 of TS36.213 [3] as an example. HARQ-ACK(0) and HARQ-ACK(1) are corresponding to TBs for PCell and SCell, respectively. When UE missed PDCCH for PDSCH on PCell, HARQ-ACK(0) becomes DTX. If UE successfully decodes PDSCH on SCell, HARQ-ACK(1) becomes ACK. In this case, UE transmits HARQ-ACK using 
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 with (b(0), b(1)) = (0,0). If UE fails to decode PDSCH on SCell, HARQ-ACK(1) becomes NACK. In this case, UE transmits nothing (i.e. DTX, DTX), as highlighted with blue color in below table. It is also noted that the same explanation holds for A=3 (Table 10.1.2.2.1-4) and A=4 (Table 10.1.2.2.1-5) for FDD, and some cases for TDD.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for 
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Observation 2: When UE is configured with PUCCH format 1b with channel selection, whether PUCCH carrying HARQ-ACK feedback is transmitted or not depends on PDCCH detection and PDSCH decoding result.
According to Section 5.1.1.2 of TS 36.213 [3], Type 2 PH is calculated based on the presence of PUCCH on PCell in the same TTI. Below we show the first two cases where PUSCH is transmitted:
· Case 1) If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is computed using 
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· Case 2) If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is computed using
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It is clear that which equation is used for PHR calculation is dependent on whether PUCCH is transmitted or not. Thus, if PDSCH decoding for PUCCH transmission is completed later than PUSCH packing containing PHR, UE may not know which condition is used for PHR calculation. 
Figure 1 below shows the timeline for PHR reporting from UE perspective. In subframe i, UE received a DL grant as well as a UL grant for PUSCH transmission. To comply with Observation 1, PDSCH decoding associated with subframe i should be completed before PHR constructing corresponding to subframe i+4. It should be noted that current HARQ timing requirement is that PDSCH decoding associated for subframe i should be completed before subframe i+4 so that HARQ-ACK can be generated. Such additional requirement puts further requirements either on PDSCH decoding, or PUSCH processing, or both.
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Figure 1: UE processing timing for Type 2 PH reporting
Observation 3: When both extendedPHR and simultaneousPUCCH-PUSCH are configured and UE is using PUCCH format 1b with channel selection, current specification requires that PDSCH decoding associated for subframe i should be completed before PHR constructing corresponding to subframe i+4, which puts additional requirements on UE implementation.
To alleviate this problem, one possible way is to leave to UE implementation on how to calculate PHR in this case, i.e. whether the Type 2 PHR is based on actual PUCCH transmission or not. In more details, if UE implementation can satisfy the stringent processing time requirement, Type 2 PH can be constructed according to whether PUCCH is transmitted or not as in current MAC specification; Otherwise, UE may transmit a virtual PH if it is possible that HARQ-ACK can be DTXed. 

It is worthwhile to note that the proposed scheme has no any impact on current RAN1 specifications and would correspond to only a minor RAN2 specification change by adding a simple note in Power Head Room section of current TS 36.321: e.g. “If a PUCCH transmission is not determined before generating Type 2 power headroom, the UE is allowed to report virtual power headroom for Type 2 power headroom.”. This relaxed statement for UE implementation can be limited to the case when UE is configured with PUCCH format 1b with channel selection, extendedPHR and simultaneousPUCCH-PUSCH. As long as RAN1 can confirm this case needs to be addressed, the details can be up to RAN2.
Based on the discussions above, it is deemed necessary to relax the UE requirement for Type 2 PHR report when both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configurated. We therefore propose following to reply RAN2 
Proposal: RAN1 to agree the following:
1) It is necessary to relax UE processing time requirement for Type 2 PH reporting when both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured.
2) UE is allowed to report virtual PHR if a PUCCH transmission is not determined before generating Type 2 PHR. 

3) Send an LS reply to RAN2 with RAN1 agreements
3. Conclusions
In this contribution, we discuss the additional requirements on UE implementation when both extendedPHR and simultaneousPUCCH-PUSCH are configured and UE is using PUCCH format 1b with channel selection. We have following observations:

Observation 1: When both extendedPHR and simultaneousPUCCH-PUSCH are configured, UE needs to know whether there is PUCCH transmission in the TTI carrying the PHR before constructing PHR MAC Control element (CE).
Observation 2: When UE is configured with PUCCH format 1b with channel selection, whether PUCCH carrying HARQ-ACK feedback is transmitted or not depends on PDCCH detection and PDSCH decoding result.

Observation 3: When both extendedPHR and simultaneousPUCCH-PUSCH are configured and UE is using PUCCH format 1b with channel selection, current specification requires that PDSCH decoding associated for subframe i should be completed before PHR constructing corresponding to subframe i+4, which puts additional requirements on UE implementation.
Based on above observations and discussions in contribution we propose the following:

Proposal: RAN1 to agree the following:

1) It is necessary to relax UE processing time requirement for Type 2 PH reporting when both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured.

2) UE is allowed to report virtual PHR if a PUCCH transmission is not determined before generating Type 2 PHR. 

3) Send an LS reply to RAN2 with RAN1 agreements. 
A draft LS answer to RAN2 is provided in [4].
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