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1. Introduction

In NR, a plurality of pathloss references could be configured for a single cell to reflect different factors of determining path loss, such as reflecting differences among multiple beams. The pathloss reference used to derived transmission power as well as power headroom can be indicated by a DCI.
In RAN2#101bis, this issue were discussed while no consensus was reached [1]:

R2-1804289
Pathloss reference change for triggering PHR
ASUSTeK
discussion
Rel-15
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R2-1801899
· Can think about this, noted. 

In this contribution, we provide more background information of multiple pathloss references as well as more details of their impact on PHR triggering. Note that we are not proposing any new triggering condition for PHR, while trying to resolve the ambiguity for existing triggering condition instead.
2. ran1 background of pathloss reference
In RAN1#89, RAN1 recognizes the necessity to take into account the pathloss differences among different beams in power control and made the following agreement:

Agreements:

· Support beam specific pathloss for ULPC

In RAN1#90bis meeting, details of implementing the above agreement were agreed in RAN1 by defining a power control formula with addition of pathloss reference indication:
Agreement

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
Observation 1: RAN1 introduced multiple pathloss references to reflect pathloss differences for different beams when calculating transmission power.
In RAN1#91, RAN1 further clarifies beam indication for PUSCH is equivalent to SRI field in UL grant and it was agreed to configure up to 4 pathloss reference:
Agreement:
· For PUSCH PC, when SRI field is configured, confirm the agreed expression of “PUSCH beam indication (if present)” is the same as “indication by SRI field in UL grant (if present)”, aligning to MIMO agreements at least for grant-based PUSCH.

· FFS: The case where SRI field is not configured

Agreement:
· The maximum total number of PL estimates for PUSCH, PUCCH, and SRS that can be configured to a UE is limited to 4 per cell

In RAN1#1801Adhoc, RAN1 agreed mapping between value in SRI field and pathloss reference are configured by RRC for grant based PUSCH. For configured grant type 1 PUSCH, pathloss reference is directly configured by RRC. For configured grant type 2 PUSCH, :
Agreement:
Define RRC parameter SRI-PUSCHPowerControl-Mapping which contains the following, where Ns is the number of valid values for the SRI field in the DCI (as defined in 38.212) 

· SRI-PathlossReferenceIndex-Mapping contains Ns pathloss reference ID values (Note: Maximum of four pathloss reference IDs can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.
Agreement:
Add RRC parameter PathlossReferenceIndex at least for UL-TWG-type1 
In RAN1#92, RAN1 agreed pathloss reference would be indicated by activation DCI for configured grant type 2 PUSCH:
Agreement:
For the indication of {k} for PUSCH UL-TWG-type2: 
· Do NOT introduce one new RRC parameter PathlossReferenceIndex into UL-TWG-type2 and the pathloss reference index will be based on activation DCI for UL-TWG-type2

In RAN1#92 bis, RAN1 agreed there would be default pathloss reference for the case of virtual PHR and Msg3:

Agreement
Default parameter setting for virtual PHR

How to set {j, qd, l}

· For j, P0alphasetindex = 0 of p0-pusch-alpha-setconfig
· For qd, pusch-pathlossreference-index = 0 of pusch-pathloss-Reference-rs
· For l, l =0
· Note: If the UE is configured with multiple UL BWPs, j, qd, l corresponding to lowest BWP ID are used

Agreement
For PUSCH Msg3 in the RRC_CONNECTED state, UE shall use the SSB or CSI-RS associated with the PRACH for the pathloss measurement

Observation 2: For derivation of transmission power or power headroom, RAN1 spec would specify which pathloss reference is utilized to derive pathloss value in slots when UL transmission is performed or virtual PHR is reported.
3. impact on phr triggering
As discussed above, the purpose of specifying pathloss reference in RAN1 spec is for derivation of transmission power or virtual power headroom report. The current descriptions may not suffice the purpose of determining pathloss change for PHR triggering. Illustration of such issue is given in Fig.1, where 4 configured pathloss references for PUSCH are assumed.

[image: image2.emf]PHR where 

RS b is used

PL ref.

RS a

RS b

RS c

RS d

PL value

a2

b2

c2

d2

Pathloss reference used for power control or deriving power headroom

PUSCH

PL ref.

RS a

RS b

RS c

RS d

PL value

a3

b3

c3

d3

Pathloss change=x-y

PHR where 

RS c is used

PL ref.

RS a

RS b

RS c

RS d

PL value

a1

b1

c1

d1


Fig.1 How to select pathloss reference for pathloss change determination
Note that although only c2 is used for power control for PUSCH, a2, b2, d2 are derived by the UE and available as pathloss reference can change dynamically according to uplink grant and UE should have these values ready.

In the following we discuss some possible alternatives to address the issue of selecting x, y
Alt.1 Two pathloss values for pathloss change comparison are based on “currently used pathloss reference”
In this alternative, reference pathloss value is not a constant pathloss while would depend on what is a currently used reference when the pathloss comparison is made, that is, x=c3 and y =c2. For this alternative, pathloss change is compared among pathloss values from a same pathloss reference, such the pathloss change could capture the real channel variation. 
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Alt.1
Alt.2 Two pathloss values for pathloss change comparison are based on pathloss reference used in last PHR transmission

For this alternative, the pathloss reference used for pathloss change determination is the same one used in the last PHR transmission. Similar as Alt.2, pathloss change is compared among pathloss values from a same pathloss reference, such the pathloss change could capture the real channel variation. 
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Alt.2
Alt.3 Pathloss reference(s) used for pathloss change same as pathloss reference for power control or deriving power headroom, i.e.c3-b2 is pathloss change

In this alternative, the pathloss reference(s) used for pathloss change determination follows the pathloss reference for power control or power headroom. This alternative is less preferable as pathloss change can be compared among different pathloss references such that the resulting pathloss change doesn’t reflect the real channel quality change for the UE, which means the original design principle of detecting pathloss change borrowed from LTE is violated. For example, even if b2=b3, c2=c3, as long as c3-b2 is larger than a threshold, a PHR would be triggered according to this option which is unreasonable.
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Alt.3

Alt.4 PHR in “last PHR transmission” is PHR using the pathloss reference currently used 

In this alternative, reference pathloss value is a pathloss value in the last PHR with the same pathloss reference as what is a currently used pathloss reference when the pathloss comparison is made, that is, x=c3 and y=c1.Note that although the basis for comparison is not pathloss reference from a fixed time occasion, this alternative allows pathloss comparison to be done for a same pathloss reference similar as Alt.1.
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Alt.4

Alt.5 Specify a predefined rule to select two pathloss values for pathloss change comparison 
One example of predefined rule could be selected a pathloss value based on the strongest pathloss reference for a given instance, i.e. the pathloss reference with least pathloss value. In this example, this alternative suffers from comparing pathloss among different pathloss references similar as Alt.1. Another example is to select two pathloss values based on a pathloss reference which is the strongest currently.
Proposal: RAN2 decides which of alternative 1~5 is used to select pathloss reference(s) for pathloss change comparison: 

· Alt.1 Two pathloss values for pathloss change comparison are based on “currently used pathloss reference” 
· Alt.2 Two pathloss values for pathloss change comparison are based on Pathloss references used for pathloss change determination same as that pathloss reference used in last PHR transmission
· Alt.3 Pathloss reference(s) used for pathloss change same as pathloss reference for power control or deriving power headroom, i.e.c3-b2 is pathloss change
· Alt.4 PHR in “last PHR transmission” is PHR using the pathloss reference currently used
· Alt.5 Specify a predefined rule to select two pathloss values for pathloss change comparison
4. Conclusion

We have the following observations and proposal related to triggering of power headroom report in NR.
Observation 1: RAN1 introduced multiple pathloss references to reflect pathloss differences for different beams when calculating transmission power.
Observation 2: For derivation of transmission power or power headroom, RAN1 spec would specify which pathloss reference is utilized to derive pathloss value in slots when UL transmission is performed or virtual PHR is reported.
Proposal: RAN2 decides which of alternative 1~5 is used to select pathloss reference(s) for pathloss change comparison: 

· Alt.1 Two pathloss values for pathloss change comparison are based on “currently used pathloss reference”
· Alt.2 Two pathloss values for pathloss change comparison are based on  pathloss reference used in last PHR transmission
· Alt.3 Pathloss reference(s) used for pathloss change same as pathloss reference for power control or deriving power headroom, i.e.c3-b2 is pathloss change
· Alt.4 PHR in “last PHR transmission” is PHR using the pathloss reference currently used
· Alt.5 Specify a predefined rule to select two pathloss values for pathloss change comparison
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6. Text proposal for 38.321
For Alt.1:
5.4.6
Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
RRC controls Power Headroom reporting by configuring the following parameters:

-
phr-PeriodicTimer;

-
phr-ProhibitTimer;

-
phr-Tx-PowerFactorChange;

-
phr-Type2PCell;

-
phr-Type2OtherCell;
-
phr-ModeOtherCG;

-
multiplePHR.

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
phr-ProhibitTimer expires or has expired and the path loss for a reference signal has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission. The reference signal is configured by PUSCH-PathlossReferenceRS or pathlossReferenceRS and is currently used according to [6];

-
phr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
For Alt.2:

5.4.6
Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
RRC controls Power Headroom reporting by configuring the following parameters:

-
phr-PeriodicTimer;

-
phr-ProhibitTimer;

-
phr-Tx-PowerFactorChange;

-
phr-Type2PCell;

-
phr-Type2OtherCell;
-
phr-ModeOtherCG;

-
multiplePHR.

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
phr-ProhibitTimer expires or has expired and the path loss for a reference signal has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission. The reference signal is configured by PUSCH-PathlossReferenceRS or pathlossReferenceRS and was used to derive power headroom for the last transmission of the PHR according to [6];

-
phr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
For Alt.3:
5.4.6
Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
RRC controls Power Headroom reporting by configuring the following parameters:

-
phr-PeriodicTimer;

-
phr-ProhibitTimer;

-
phr-Tx-PowerFactorChange;

-
phr-Type2PCell;

-
phr-Type2OtherCell;
-
phr-ModeOtherCG;

-
multiplePHR.

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
phr-ProhibitTimer expires or has expired and the path loss for a reference signal(s) has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission. The reference signal(s) is used to derive transmission power or power headroom according to [6];

-
phr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
For Alt.4:
5.4.6
Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
RRC controls Power Headroom reporting by configuring the following parameters:

-
phr-PeriodicTimer;

-
phr-ProhibitTimer;

-
phr-Tx-PowerFactorChange;

-
phr-Type2PCell;

-
phr-Type2OtherCell;
-
phr-ModeOtherCG;

-
multiplePHR.

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
phr-ProhibitTimer expires or has expired and the path loss for a reference signal has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR including power headroom derived from the reference signal in this MAC entity when the MAC entity has UL resources for new transmission. The reference signal is configured by PUSCH-PathlossReferenceRS or pathlossReferenceRS and is currently used according to [6];

-
phr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
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