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Introduction
This contribution concerns ambiguities regarding the DL Tx power control indication and its associated range in the agreements that RAN1 has made and in the specifications RAN1 and RAN2 has implemented. 
[bookmark: _Ref178064866]Discussion
RAN1 made the following agreements for DL Tx power control in RAN1#107-e [1] , RAN1#108-e [2], and RAN1#110 [3] :
	Agreement (RAN1#107)
The provided DL TX power adjustment is applied only to PDSCH and its associated DMRS and PTRS.

Agreement (RAN1#107)
The indicated desired/provided DL TX power adjustment is in terms of a relative offset to the PDSCH a CSI-RS TX power that is RRC configured.

Agreement (RAN#108)
The desired/provided DL TX power adjustment can be indicated with 5 bits and a 1 dB resolution.
· FFS endpoints of the range


Agreement (RAN1#110)
Support [-15, 5] for the range of DL Tx power adjustment.



This is reflected in the recently updated TS 38.321 [4] where a reference CSI-RS ID was introduced to indicate the CSI-RS used as reference for power adjustment, see below.
	-	DL Tx Power adjustment: For the case of the Desired DL TX Power Adjustment MAC CE, this field contains desired DL TX power adjustment sent by an IAB-MT to assist with the parent node's DL TX power allocation. For the case of the DL TX Power Adjustment MAC CE, this fields contains adjustment to a node's DL TX power sent by its parent node. The value of the power adjustment is in both cases contained in the 5 right-most bits of the field, while the remaining 3 bits are set to zero. The length of the field is 8 bits;
-    Reference CSI-RS ID: This field indicates the CSI-RS used as reference for power adjustment, which is identified by NZP-CSI-RS-ResourceId as specified in TS 38.331 [5]. The indicated DL TX power adjustment is in terms of a relative offset to the CSI-RS TX power of the indicated CSI-RS. The length of this field is 8bits;


In our understanding, a UE may be configured with up to 192 CSI-RS resources per cell and each one can have different CSI-RS TX EPRE power settings [5].
	NZP-CSI-RS-Resource information element
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START

NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}     OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset    OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                         OPTIONAL,   -- Cond Periodic
    ...
}

-- TAG-NZP-CSI-RS-RESOURCE-STOP
-- ASN1STOP

	NZP-CSI-RS-Resource field descriptions

	periodicityAndOffset
Periodicity and slot offset sl1 corresponds to a periodicity of 1 slot, sl2 to a periodicity of two slots, and so on. The corresponding offset is also given in number of slots (see TS 38.214 [19], clause 5.2.2.3.1). Network always configures the UE with a value for this field for periodic and semi-persistent NZP-CSI-RS-Resource (as indicated in CSI-ResourceConfig).

	powerControlOffset
Power offset of PDSCH RE to NZP CSI-RS RE. Value in dB (see TS 38.214 [19], clauses 5.2.2.3.1 and 4.1).

	powerControlOffsetSS
Power offset of NZP CSI-RS RE to SSS RE. Value in dB (see TS 38.214 [19], clause 5.2.2.3.1).

	qcl-InfoPeriodicCSI-RS
For a target periodic CSI-RS, contains a reference to one TCI-State in TCI-States for providing the QCL source and QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS. Refers to the TCI-State or DLorJoint-TCIState which has this value for tci-StateId and is defined in tci-StatesToAddModList or in dl-orJoint-TCI-State-ToAddModList in the PDSCH-Config included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the resource belongs to (see TS 38.214 [19], clause 5.2.2.3.1).

	resourceMapping
OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource.

	scramblingID
Scrambling ID (see TS 38.214 [19], clause 5.2.2.3.1).





Each CSI-RS EPRE is derived from the fixed reference SSB EPRE, using powerControlOffsetSS (see the description in the RRC excerpt above). For a certain CSI-RS resource (determined by higher layer configuration), the CSI-RS EPRE and powerControlOffset are used to derive the PDSCH EPRE, and any CSI-RS resource configuration (i.e., the combination of CSI-RS EPRE and powerControlOffset) will result in the same PDSCH EPRE for a cell. RAN1 has agreed that DL Tx power control is only applied to PDSCH and its associated DMRS and PTRS, hence mapping the DL Tx power adjustment to the PDSCH is an obvious solution.
	< TS 38.213 Clause 14 > 
For a serving cell of an IAB-MT, the IAB-MT can be provided a set of TCI states or a set of RS resource indexes corresponding to a SS/PBCH block or to a CSI-RS resource index for a slot where a PDSCH EPRE adjustment is indicated by DL Tx Power Adjustment MAC CE as described in [11, TS 38.321]. The PDSCH EPRE can be derived from a downlink CSI-RS EPRE as described in [6, TS 38.214] and a PDSCH power offset provided by powerControlOffsetIAB as described in [11, TS 38.321]. For a downlink DM-RS and/or PT-RS associated with a PDSCH, the IAB-MT may assume that the ratio of PDSCH EPRE to DM-RS EPRE, and/or PT-RS EPRE to PDSCH EPRE, is obtained as for a "UE" in [6, TS 38.214]. If no TCI state or RS resource index is provided to the IAB-MT, the IAB-MT may assume that a same PDSCH EPRE adjustment applies to all TCI states or RS resource indexes configured for the IAB-MT. A PDSCH EPRE adjustment provided by DL Tx Power Adjustment MAC CE may be associated with
-	multiplexing mode of the IAB-node, if provided, and/or
-	when simultaneous reception by the IAB-MT and transmission/reception by an IAB-DU cell occur in non-overlapping frequency resources, if provided, or when simultaneous reception by the IAB-MT and transmission/reception by an IAB-DU cell occur in overlapping frequency resources, if provided, and/or
-	slots indicated by slot index, if provided.
< TS 38.213 Clause 14 > 


However, the current specification text in TS 38.213 [6], see above, is ambiguous in the following different interpretation assuming the ith CSI-RS ID:
Alt a): Adjusted PDSCH EPRE = CSI-RS(i) EPRE + powerControlOffset(i) + DL TX Power Adjustment
Alt b): Adjusted PDSCH EPRE = CSI-RS(i) EPRE + DL TX Power Adjustment
For Alt a), the MAC CE indicated DL TX Power Adjustment is only one relative power offset to the non-offset PDSCH EPRE, regardless CSI-RS EPRE, since CSI-RS(i) EPRE + powerControlOffset(i) is constant. In this case, the range of DL TX Power Adjustment is independent of the range of powerControlOffset, i.e., it is added in addition to powerControlOffset.
For Alt b), DL TX Power Adjustment is variable with respect to CSI-RS(i) EPRE. In this case, DL TX Power Adjustment is effectively replacing the legacy powerControlOffset, which is not reflected in the parameter name. More seriously, including DL TX Power Adjustment in the configuration of PDSCH ERPE should always allow at least the same range of PDSCH power settings as without DL TX Power Adjustment. In other words, for interpretation Alt b), a reasonable range of DL TX Power Adjustment should at least contain the range of powerControlOffset [-8,15], in order to be backwards compatible. It follows that the recently agreed range of DL TX Power Adjustment [-15,5] is not suitable for Alt b), and, in our understanding, companies had Alt. a) in mind when agreeing on that range. Specially, with two different ranges, it is not always possible to have a gradual PDSCH EPRE adjustment (i.e., a smooth transition with 1dB resolution) between slots with and without DL power control. For example, a PDSCH TX power that is set +15dB above CSI-RS TX power (according to the specified range of powerControlOffset) can only be set to a maximum of +5dB above CSI-RS after adjustment due to configuring DL TX Power Adjustment. This has two consequences (see also Figure 1):
1) the first adjustment step size is limited to 10dB (not 1dB as agreed in RAN1#108) in some scenarios, and
2) it is not possible at all to adjust the PDSCH TX power to be anywhere between [5,15] dB (the upper non-overlapping range of powerControlOffset and DL TX Power Adjustment) above CSI-RS power.
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[bookmark: _Ref118716544]Figure 1: Range of powerControlOffset versus DL TX Power Adjustment

[bookmark: _Toc118727391]Including DL TX Power Adjustment in the configuration of PDSCH ERPE should always allow at least the same range of PDSCH power settings as without DL TX Power Adjustment.
[bookmark: _Toc118727392]Depending on the interpretation on how to derive an adjusted PDSCH EPRE, the agreed adjustment range of [-15,5] is not compatible with the legacy range of [-8, 15].
In order to avoid new discussion on the range of DL TX Power Adjustment, we propose RAN1 to amend the RAN1#107-e agreement as: the indicated desired/provided DL TX power adjustment is in term of a relative offset to the non-offset PDSCH TX power, as derived from a CSI-RS TX power that is RRC configured. This is the function we think companies had in mind when making the previous agreement on the range of DL TX power adjustment.
Alternatively, the agreed range for DL TX power adjustment from the RAN1#110 meeting can be extended from [-15, 5] to [-15, 15] dB. In this way, the range of DL TX power adjustment is backward compatible with the range of powerControlOffset. The range [-15, 15], in steps of 1dB, can still be described using 5 bits as agreed in the RAN1#108-e meeting [2] and does therefore not require any signaling change in the corresponding MAC CE.
[bookmark: _Toc118727393]RAN1 to select from the following two alternatives on DL TX power adjustment
[bookmark: _Toc118727394]Alt 1: The RAN1#107-e agreement is amended as: The indicated desired/provided DL Tx power adjustment is in terms of a relative offset to the non-offset PDSCH Tx power, as derived from a CSI-RS TX power that is RRC configured. The CR in [7] is agreed.
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[bookmark: _Toc118727395]Alt 2: The RAN1#110 agreement is amended as: Support [-15, 5] [-15, 15] for the range of DL TX power adjustment.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Including DL TX Power Adjustment in the configuration of PDSCH ERPE should always allow at least the same range of PDSCH power settings as without DL TX Power Adjustment.
Observation 2	Depending on the interpretation on how to derive an adjusted PDSCH EPRE, the agreed adjustment range of [-15,5] is not compatible with the legacy range of [-8, 15].

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to select from the following two alternatives on DL TX power adjustment
Alt 1: The RAN1#107-e agreement is amended as: The indicated desired/provided DL Tx power adjustment is in terms of a relative offset to the non-offset PDSCH Tx power, as derived from a CSI-RS TX power that is RRC configured. The CR in [7] is agreed.
Alt 2: The RAN1#110 agreement is amended as: Support [-15, 5] [-15, 15] for the range of DL TX power adjustment.
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