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1 Introduction
In RAN2#101bis, a discussion took place about PHR triggering in case multiple pathloss references are configured for a single cell [1]. The problem raised is that this scenario creates some ambiguity as to the choice of the pathloss reference for determining if the path loss has changed more than a threshold. No decision was taken and companies were invited to analyze this problem further.

This contribution provides an analysis of the possible solutions to solve the issue. A CR to 38.321 is also provided [2] to implement the proposed solution.
2 Power control with multiple pathloss references
In both LTE and NR, the transmission power of PUSCH (and PUCCH) is dependent on a pathloss (PL) term. The pathloss is estimated based on the received power from a reference signal, called “pathloss reference signal”. In LTE, the pathloss reference signal is the CRS of either the same serving cell or of the primary cell as configured semi-statically. In NR, to better support multi-point/multi-beam scenarios, multiple pathloss references can be configured semi-statically and the UE determines dynamically the pathloss reference applicable to a specific PUSCH transmission. The latest version of the specification of which pathloss reference is to be used for different cases is rather tedious and is therefore not copied here [3]. One important aspect is that it can be dependent on the DCI contents, in particular the SRS resource indicator (SRI). Therefore, the applicable pathloss reference could (in theory) change for every grant.
Observation 1: The pathloss reference applicable to PUSCH power control can change dynamically. 
3 Options for pathloss change triggering
In LTE, a PHR can be triggered when the path loss for a serving cell that is used (or more accurately whose CRS is used) as a pathloss reference has changed by more than a threshold (in dB) compared to the last transmission of a PHR. Since the pathloss reference is unique for each serving cell, there is no ambiguity.
In NR, as the pathloss reference applicable to PUSCH power control is susceptible of changing on a per-transmission basis, the UE is effectively expected to maintain a pathloss estimate for every set of RS configured as pathloss reference, independently of actual PUSCH transmissions that may be scheduled. Multiple pathloss estimates exist at any given point of time, which means that “change of pathloss” is now ambiguous. The behaviour should therefore be clarified. During the discussion at RAN2#101bis it was mentioned that RAN1 specifications may eventually define the “path loss” to use, however there is no reason to expect that this will happen since pathloss estimates in these specifications are only defined for the purpose of determining the power of an actual transmission, or for virtual PHR. 
Observation 2: The current text of 38.321 describing triggering based on change of pathloss is ambiguous when multiple pathloss references are configured for PUSCH power control.

For example, one could consider at least the following possible options:
Option 1: Compare pathlosses within the same pathloss reference only and trigger if for any pathloss reference, the pathloss has changed more than the threshold since the last PHR transmission;
Option 2: Compare one current pathloss estimate to the pathloss applicable to the PUSCH transmission at the time of the last PHR transmission. Two options could be considered:

a. The current pathloss estimate is the smallest pathloss among pathloss references.
b. The current pathloss estimate is the one using the pathloss reference last used for pathloss estimation when determining the power of a PUSCH transmission.

Option 1 has the potential benefit of providing information to the network whenever the radio situation has changed for one of the different beams or reception points that the network might decide to use for scheduling. 
However, for Option 1 to work properly the UE needs to provide the power headroom that would apply for all configured pathloss references and not only the one corresponding to the PUSCH containing the PHR. Otherwise, the network probably does not get sufficient or relevant information to switch to a different beam or reception point. 
Observation 3: If triggering based on pathloss change considers pathloss changes within the same pathloss reference only, the PHR needs to contain one power headroom for each pathloss reference of a serving cell.

Option 2a may also have the benefit of triggering when it might be advantageous for the network to use a different beam or reception for scheduling. However, the same observation as for Option 1 applies. The PHR needs to contain multiple power headroom values such that the network knows if scheduling using a different point or beam is advantageous.

Observation 4: If triggering based on pathloss change considers the best pathloss estimate, the PHR needs to contain one power headroom for each pathloss reference of a serving cell.

In contrast, the approach underlying Option 2b is to provide the relevant power headroom information for a beam or reception that is “currently” in use for PUSCH. With Option 2b, the trigger is not intended to help the scheduler determine the optimum proper beam or reception point for PUSCH but rather only to properly adapt the grant. Option 2b implicitly assumes that the network does not switch beam or reception point very frequently. If the network switches frequently, the pathloss change criterion might trigger more frequently than with the other Options.
4 Discussion

Although we observe benefits with Option 1, we note that the currently agreed PHR MAC CE formats for R15 do not support transmission of more than one power headroom per serving cell. Given the amount of work involved in defining a new format that can overcome this limitation, it is proposed that Option 2b is adopted for R15 and Option 1 is considered for R16.
Proposal: For R15, the pathloss estimate used for pathloss-change-based PHR triggering is the one using the pathloss reference last used for pathloss estimation when determining the power of a PUSCH transmission.
A CR reflecting this proposal is provided in [2].
5 Conclusion

This contribution discussed the problem of pathloss triggering when multiple pathloss references are configured in NR. The following observations and proposal are made:
Observation 1: The pathloss reference applicable to PUSCH power control can change dynamically. 

Observation 2: The current text of 38.321 describing triggering based on change of pathloss is ambiguous when multiple pathloss references are configured for PUSCH power control.

Observation 3: If triggering based on pathloss change considers pathloss changes within the same pathloss reference only, the PHR needs to contain one power headroom for each pathloss reference of a serving cell.

Observation 4: If triggering based on pathloss change considers the best pathloss estimate, the PHR needs to contain one power headroom for each pathloss reference of a serving cell.
Proposal: For R15, the pathloss estimate used for pathloss-change-based PHR triggering is the one using the pathloss reference last used for pathloss estimation when determining the power of a PUSCH transmission.
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