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Introduction
At RAN1 and RAN2, the service specific power control has been discussed, in this way, the transmission power for URLLC UL can be boosted compared to other services such as eMBB.
At RAN1#93, RAN1 has made some agreements concerning the new MCS table for URLLC. They are highlighted as below
Agreements:
· For URLLC, for grant-based transmissions, introduce one RRC parameter for configuring a new RNTI.
· When the new RNTI is not configured, existing RRC parameter mcs-table is extended to select from 3 MCS tables (existing 64QAM MCS table, existing 256QAM MCS table, new 64QAM MCS table). 
· When the new RNTI (via RRC) is configured, RNTI scrambling of DCI CRC is used to choose MCS table:
· If the DCI CRC is scrambled with the new RNTI, the new 64QAM MCS table is used; otherwise, follow existing behaviour.
[bookmark: _Toc516239746][bookmark: _Toc516659694][bookmark: _Toc516824015][bookmark: _Toc517254658][bookmark: _Toc517344108][bookmark: _Toc517349498][bookmark: _Toc517349718][bookmark: _Toc517363140]The new RNTI has been introduced to indicate the new MCS table.
Therefore, it is necessary to discuss how to achieve service specific power control for URLLC based on existing tools. We give our analyses and propose corresponding solutions in this paper.
Discussions
At RAN2#102, the issue of service specific power control has been discussed in [1]. It was suggested for MAC to indicate the priority of the MAC PDU to PHY for service specific power control.  We think the existing available information at the PHY layer such as SCS, PUSCH transmission duration, including the new RNTI and the new MCS table can be used for the PHY layer to derive the service type for every transmission. There is no need for the MAC to send extra indicators to PHY layer. It would add more complexity for the MAC design without giving extra gain.
[bookmark: _Toc516824012][bookmark: _Toc517214511][bookmark: _Toc517254654][bookmark: _Toc517255275][bookmark: _Toc517344060][bookmark: _Toc517349504][bookmark: _Toc517349511][bookmark: _Toc517349724][bookmark: _Toc517363138]It is sufficient to leave to the PHY layer implementation on how to derive the service type based on existing available information such as SCS, PUSCH transmission duration, and the new RNTI.
A more clean solution for the gNB would be to use a different DCI format, or introduce additional RNTI, or use a different PDCCH search space to indicate the service specific power control. That requires substantial spec efforts and shall be carefully studied in future releases.
[bookmark: _Toc517254659][bookmark: _Toc517344109][bookmark: _Toc517349499][bookmark: _Toc517349719][bookmark: _Toc517363141]Other solutions e.g., improved DCI format to indicate the service specific power  control is left for future releases.
In the existing PUSCH power control framework, for dynamic grant scheduling, the UE specific power control configuration is carried in IE PUSCH-PowerControl, 
PUSCH-PowerControl information element
-- ASN1START
-- TAG-PUSCH-POWERCONTROL-START

PUSCH-PowerControl ::= 						SEQUENCE {

…
	-- configuration {p0-pusch,alpha} sets for PUSCH (except msg3), i.e., { {p0,alpha,index1}, {p0,alpha,index2},...}.
	-- Corresponds to L1 parameter 'p0-push-alpha-setconfig' (see 38,213, section 7.1)
	p0-AlphaSets								SEQUENCE (SIZE (1..maxNrofP0-PUSCH-AlphaSets)) OF P0-PUSCH-AlphaSet		OPTIONAL,	-- Need M,
…
}




In this IE, the open-loop parameters and is signalled via P0-PUSCH-Alphaset. There are two options on how to indicate which and setting that the UE shall use for open-loop power control.

Option 1: If the UE is provided a higher layer parameter SRI-P0AlphaSetIndex-Mapping, the UE obtains a mapping between a set of values for the SRI field in DCI format 0_1 [TS 38.212]. If the PUSCH transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes an SRI field, the UE determines the values of  from the p0alphasetindex value that is mapped to the SRI field value. 

Option 2: If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not include a SRI field, or if a higher layer parameter SRI-P0AlphaSetIndex-Mapping is not provided to the UE, the UE determines  from the first p0-pusch-alpha-set in p0-pusch-alpha-setconfig in the current spec [2].
Similarly, there are also two options for the gNB to indicate close-loop parameters to a UE.

Option 1: If the UE is provided a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping, when the PUSCH transmission is scheduled by a DCI format 0_1 and if DCI format 0_1 includes a SRI field, the UE determines the  value that is mapped to the SRI field value;

Option 2: If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not include an SRI field, or if a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping is not provided to the UE, .
[bookmark: _Toc517254660][bookmark: _Toc517344110][bookmark: _Toc517349500][bookmark: _Toc517349720][bookmark: _Toc517363142]For dynamic grant based scheduling, the gNB indicates open-loop and close-loop parameters to a UE via a DCI or RRC signaling.
For dynamic scheduling, there is only one set of power control parameters for a UE. For a UE with only URLLC or eMBB configured, the gNB can configure higher values for URLLC UE to achieve the power boosting. ¨
[bookmark: _Toc517254661][bookmark: _Toc517344111][bookmark: _Toc517349501][bookmark: _Toc517349721][bookmark: _Toc517363143]For dynamic grant based scheduling, the gNB can configure higher values for power control parameters (e.g., open-loop parameters) for URLLC UE to achieve power boosting.
For a UE with both URLLC and eMBB, the gNB can configure two sets of power control parameters meaning that there are sets of parameters associated with the same SRI. This means that a UE implementation may contain a non-standard mechanism to select the power control settings associated with URLLC for power boosting. A standardized mechanism including signalling would require more changes on the spec. Due to the limited time left in Rel-15, it should be studied in future releases.
[bookmark: _Toc517344112][bookmark: _Toc517349502][bookmark: _Toc517349722][bookmark: _Toc517363144]For dynamic grant based scheduling, the existing power control framework is sufficient for single service to support service specific power control.
[bookmark: _Toc517254656][bookmark: _Toc517255277][bookmark: _Toc517344062][bookmark: _Toc517349506][bookmark: _Toc517349512][bookmark: _Toc517349725][bookmark: _Toc517363139]Further enhanced power control framework for mixed services is left to future releases.
For configured grant, both open-loop and close-loop power control parameters are indicated in the IE ConfiguredGrantConfig. In Rel-15, a UE supports only one active configured grant configuration (Type 1 or Type 2), the gNB can assign a specific configured grant configuration for URLLC. At the same time, the eMBB UEs can be scheduled via dynamic scheduling. Therefore, no enhancement to configured grant regarding URLLC specific power control is required.
[bookmark: _Toc517344113][bookmark: _Toc517349503][bookmark: _Toc517349723][bookmark: _Toc517363145]For configured grant based transmission, no further enhancements are needed for URLLC service specific power control in Rel-15.
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
We have observed:
Observation 1	The new RNTI has been introduced to indicate the new MCS table.
Observation 2	Other solutions e.g., improved DCI format to indicate the service specific power  control is left for future releases.
Observation 3	For dynamic grant based scheduling, the gNB indicates open-loop and close-loop parameters to a UE via a DCI or RRC signaling.
Observation 4	For dynamic grant based scheduling, the gNB can configure higher values for power control parameters (e.g., open-loop parameters) for URLLC UE to achieve power boosting.
Observation 5	For dynamic grant based scheduling, the existing power control framework is sufficient for single service to support service specific power control.
Observation 6	For configured grant based transmission, no further enhancements are needed for URLLC service specific power control in Rel-15.

We propose:
Proposal 1	It is sufficient to leave to the PHY layer implementation on how to derive the service type based on existing available information such as SCS, PUSCH transmission duration, and the new RNTI.
Proposal 2	Further enhanced power control framework for mixed services is left to future releases.
 References
1. R2-1808478 - Remaining issue of power management in NR, Huawei
1. [bookmark: _Ref513478584]3GPP TS 38.213 V15.1.0 (2018-03)
image1.wmf
)

(

,

,

O_PUSCH,

j

P

c

f

b


oleObject1.bin

image2.wmf
)

(

,

,

j

c

f

b

a


oleObject2.bin

oleObject3.bin

oleObject4.bin

image3.wmf
)

(

,

,

,

O_UE_PUSCH

j

P

c

f

b


oleObject5.bin

oleObject6.bin

image4.wmf
l


oleObject7.bin

image5.wmf
0

=

l


oleObject8.bin

