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1. Introduction 
In RAN2#109e and 109bis-e meetings, following was agreement for DAPS HO.  

Agreements:
· Do not support PHR reporting in another node

· For LTE, the DAPS network coordination is based on source link configuration to be used during DAPS HO, UE capabilities, maxSCH-TB-BitsDL, maxSCH-TB-BitsUL, powerCoordinationInfo within HandoverPreparationInformation message; 
· For NR, the DAPS network coordination is based on source link configuration to be used during DAPS HO, UE capabilities, maxSCH-TB-BitsDL (to be redefined for NR), maxSCH-TB-BitsUL (to be redefined for NR), powerCoordinationInfo within HandoverPreparationInformation message; .

In this document, we will discuss issue related to what MAC PHR reporting forman should be used during LTE DAPS HO. 
2. Discussion 

During R16 DAPS HO, UE will have simultaneous PCell connectivity with both source and target cells until source cell is explicitly released by target cell using RRC signalling message and any source configured SCell(s) will be explicitly released by the network. During simultaneous PCell connectivity with both source and target cells, UE is expected to use all physical channels to both cells depending on whether UE is transmitting UL data and/or control signalling. In many intra frequency and inter frequency scenarios, a UE supporting dual Tx may simultaneously transmit PUSCH, PUCCH, SRS etc.
In scenarios where simultaneous UL transmission to both source and target PCells is possible, UE will have to share UL Tx power between source and target cells. During DAPS HO, the network provides the maximum power to be allocated for source and target cells. Source and target cells will perform independent UL power control for source and target PCell physical channels (i.e PUSCH, PUCCH, SRS). The combined UE transmit power to both source and target cells will not exceed maximum UE Tx power limit. If total UE transmit power exceeds maximum nominal power then UE will perform power scaling to keep Tx power within max. nominal power allowed.
Observation 1. During DAPS HO, network provides what is maximum power to be allocated for source and target cells. Source and target cells will perform independent UL power control for source and target PCell physical channels (i.e PUSCH, PUCCH, SRS) and the combined UE transmit power to both source and target cells will not exceed maximum UE Tx power limit.

From UE perspective, PCell DAPS HO is similar to having 2 CCs on 2 different cells. i.e simultaneous transmission of 2 CCs to two cells (same as DC). The UE PHY estimates PHR, which is the difference between Pcmax,c and the transmit power that would have been used assuming that there would have been no upper limit on the transmit power. 

Type 1 PHR reporting reflects the power headroom assuming PUSCH-only transmission on the carrier, while the Type-2 report assumes combined PUSCH and PUCCH transmission. 

In case of DAPS HO, each PCell may either transmit PUSCH or simultaneous PUSCH + PUCCH based on the configuration. For SRS enhancements, Type 3 PHR reporting was introduced and is applicable for PCell and SCells (in R16 DAPS HO, there are no SCells configured and we can ignore SCell part).

When UE reports PHR for each of Source and Target Cells , PHR format should be able to report Type1, Type2, Type3 PHR reports for each PCell. Pcmax,c reported in PHR indicated what is max.power used for estimating PH for that particular carrier.

In case of DAPS HO, based on UE reported PHR values for each PCell for Type1, Type2, Type 3 and Pcmax,c used for estimation of PHR, each of cells can determine what MCS, PRBs that can be scheduled (without exceeding max. power).

Observation 2. Type 1 PHR reporting reflects the power headroom assuming PUSCH-only transmission on the PCell, Type-2 PHR reporting assumes combined PUSCH and PUCCH transmission on PCell and Typ3 PHR reporting is by taking SRS transmission power control into account.
2.1 LTE PH computation details:

From TS 36.213 [3], clause 5.1.1.2 power headroom
If the UE reports power headroom on subframe i of serving cell c using subframe-PUSCH, for serving cells other than serving cell c, the UE computes power headroom for subframe i.

Type 1: 

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot 
[image: image1.wmf]i

 for serving cell 
[image: image2.wmf]c

, then power headroom for a Type 1 report is computed using 
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 are defined in Subclause 5.1.1.1. 

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/slot/subslot 
[image: image11.wmf]i

 for serving cell 
[image: image12.wmf]c

, then power headroom for a Type 1 report is computed using 
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 are defined in Subclause 5.1.1.1. 
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is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe/slot/subslot 
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. For this case, the physical layer delivers 
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Type 2:

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/slot/subslot 
[image: image24.wmf]i

 for the primary cell, then power headroom for a Type 2 report is computed using 
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 are the primary cell parameters as defined in Subclause 5.1.1.1 and 
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 are defined in Subclause 5.1.2.1

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot 
[image: image38.wmf]i

for the primary cell, then power headroom for a Type 2 report is computed using 
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 are the primary cell parameters as defined in Subclause 5.1.1.1 and 
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If the UE is prepared to transmit PUCCH without PUSCH in subframe/slot/subslot 
[image: image49.wmf]i

for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE is not scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot 
[image: image61.wmf]i

 for the primary cell, then power headroom for a Type 2 report is computed using 
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 is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB, where MPR , 
A-MPR, P-MPR and TC are defined in [6], 
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If the UE is unable to determine whether there is a PUCCH transmission corresponding to PDSCH transmission(s) or not, or which PUCCH resource is used, in subframe i for the primary cell, before generating power headroom for a Type 2 report, upon (E)PDCCH detection, with the following conditions:

-
if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured for the UE, or

-
if PUCCH format 1b with channel selection is used for HARQ-ACK feedback for the UE configured with PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using
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 are the primary cell parameters as defined in Subclause 5.1.1.1 and 
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From TS 36.213 [3] , clause 5.1.3.2 power headroom

The UE is not expected to compute a Type 3 report on a slot/subslot.

For SRS transmission given trigger type 2, or for serving cell 
[image: image80.wmf]c

 with frame structure type 2 and not configured for PUSCH/PUCCH transmission, 

-
if the UE transmits SRS in subframe 
[image: image81.wmf]i

 for serving cell 
[image: image82.wmf]c

, or if the UE does not transmit SRS in subframe [image: image84.png]


 due to a collision with a higher priority physical channel or signal (as defined in Subclause 8.2) in subframe[image: image86.png]i+1



, and the UE would have transmitted the SRS in subframe [image: image88.png]


 had the higher priority physical channel or signal in subframe [image: image90.png]i+1



 not occurred, power headroom for a Type 3 report is computed using 
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 is defined in Subclause 5.1.1.1. 
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-
otherwise, power headroom for a Type 3 report is computed using 
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 is defined in Subclause 5.1.1.1., 
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is computed based on the requirements in [6] assuming a SRS transmission in subframe 
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, and assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB. MPR, A-MPR, P-MPR and TC are defined in [6]. For this case, the physical layer delivers 
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Observation 3. Type 1, Type2 and Type3 LTE PH calculations are different depending upon whether UE is transmitting PUSCH, PUCCH, SRS in reporting sub frames. 

Observation 4. For accurate LTE UL power control of PUSCH, PUCCH, SRS and for allocating UL scheduling grant (MCS, RB allocation), eNB needs to know accurate values of PH values for Type 1, Type2 and Type3 PH  and corresponding Pc,max values.  

2.2 LTE MAC PH Reporting format details:

When it comes to what is MAC PHR reporting format to be used for DAPS HO, following 2 options available
Option 1:

From TS 36.321 [4], Section 6.1.3.6 format is

[image: image110.png])





Here, for given PCell, there is no way for UE to report Type1, Type2 and Type3 and Pcmax,c used for PHR estimation . 

Option 2:

From 36.321, Section 6.1.3.6b DC PHR format: this format allows UE PHR for each PCell to report any of Type1, type2, type 3 PHR and Pcmax,c used for PHR computation (i.e Pcmax,c is max Tx power allowed in given PCell for DAPS scenario). Since DC PHR format allows UE to report SCells and other cells Type 2 PHR (which is PSCell in this format), we can limit not to use these field when reporting for DAPS HO purpose. 

PHR information for different reporting Types and Pcmax,c values that each of UEs MAC will report to each cell during DAPS HO to assist network as assistance for proper UL scheduling.

Thus, we think it is appropriate to use Option 2 DC based PHR format for DAPS HO.
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Proposal 1. During LTE DAPS HO, UE uses DC based PHR reporting format for both source and target PCells including type1, type2 and type3 PH and corresponding Pcmax,c values.

LTE DC based PHR format includes PH for PCell, PSCell, SCell(s). Since R16 LTE DAPS does not support any SCell(s) to be configured (i.e SCell(s) are released), UE MAC is not required to report any serving SCell(s) PH. However, DC based PHR reporting format includes PH report for PScell as well. There are 2 possible options:

Option 1: As RAN2 previously agreed, UE is not required to report other cells PHR. This means, when source MAC entity uses DC based PHR format, target PCell is treated as PScell and it has to be omitted from reporting to source cell. when target MAC entity uses DC based PHR format, source PCell is treated as PScell and it has to be omitted from reporting to source cell. This requires clarification in MAC specification.
Option 2: Allow UE to report both cells PHR to each of source and target cells. Based on network implementation, it is upto network to either consider other cells PHR into consideration or ignore it. This avoids any PHR reporting formant clarification in MAC specification.

In order to simplify MAC specification changes, we think option 2 is reasonable to consider than option 1.

Proposal 2.   LTE DC based PHR reporting format used for DAPS HO for both source and target cell includes other cell PHR and it is upto network implementation whether to consider or ignore other cells reported PHR value. 
Proposal 3.   Agree to LTE MAC CR in R2-2007692 and RRC CR in R2-2007693.
2.3 NR MAC PH Reporting format details:

From TS 38.321 [5], Section 5.4.6
Following types of PH reporting formats supported.

-
Type 1 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell;

-
Type 2 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH and PUCCH transmission on SpCell of the other MAC entity (i.e. E-UTRA MAC entity in EN-DC, NE-DC, and NGEN-DC cases);

-
Type 3 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell.

Single entry NR PHR format: from section 6.1.3.8 [5]
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Single multi NR PHR format: from section 6.1.3.9 [5]
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During NR DAPS HO, as there is only PCell connection and Type1 PH reporting for PCell is based on scheduled PUSCH and Type2, Type 3 PH reporting are not applicable for NR PCell PH reporting. Single entry PHR reporting is enough for NR DAPS HO. Whether to use single entry PHR or multi entry PHR reporting is controlled by RRC multiplePHR IE and there is no need to have any NR MAC changes.
3. Conclusion

Following are key observations and proposals for PHR reporting format to be used for LTE DAPS HO. 
Observation 1.
During DAPS HO, network provides what is maximum power to be allocated for source and target cells. Source and target cells will perform independent UL power control for source and target PCell physical channels (i.e PUSCH, PUCCH, SRS) and the combined UE transmit power to both source and target cells will not exceed maximum UE Tx power limit.
Observation 2.
Type 1 PHR reporting reflects the power headroom assuming PUSCH-only transmission on the PCell, Type-2 PHR reporting assumes combined PUSCH and PUCCH transmission on PCell and Typ3 PHR reporting is by taking SRS transmission power control into account.
Observation 3.
Type 1, Type2 and Type3 LTE PH calculations are different depending upon whether UE is transmitting PUSCH, PUCCH, SRS in reporting sub frames.
Observation 4.
For accurate LTE UL power control of PUSCH, PUCCH, SRS and for allocating UL scheduling grant (MCS, RB allocation), eNB needs to know accurate values of PH values for Type 1, Type2 and Type3 PH  and corresponding Pc,max values.


Proposal 1.

During LTE DAPS HO, UE uses DC based PHR reporting format for both source and target PCells including type1, type2 and type3 PH and corresponding Pcmax,c values.
Proposal 2.

LTE DC based PHR reporting format used for DAPS HO for both source and target cell includes other cell PHR and it is upto network implementation whether to consider or ignore other cells reported PHR value.
Proposal 3.

Agree to LTE MAC CR in R2-2007692 and RRC CR in R2-2007693
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