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1. Introduction

In this document we discuss some remaining issues for finalising NR power control specifications.
2. Discussion
2.1. PC framework for PUSCH with grant but no SRI field in DCI
In RAN1 #92, the following working assumption was made regarding PUSCH transmissions with DCI 0_0, and PUSCH transmissions with DCI 0_1 when there is no SRI field in the UL grant.
Working Assumption

For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported

· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.

The above working assumption ensures that at least a simple NR power control framework is in place for the case of grant-based PUSCH without SRI in UL grant. Hence the working assumption should be confirmed. 

However, as proposed in [1], PUSCH beam indication can also be handled by reusing the PUCCH beam management/beam indication framework for the cases where SRI is not used or not present in the grant. For these cases, the PC parameter mapping approach specified for PUCCH can be reused by replacing SRI with the pucch-SpatialRelationInfoId and associated PC parameters of the PUCCH resource that is tied to PUSCH . Further power control details for this case can be agreed after conclusions/agreements made in beam management related discussions.
Proposal 1

· Confirm the below working assumption from RAN1#92
Working Assumption

For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported

· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
· For the case where the spatial relation for PUSCH is given by the MAC-CE activated spatial relation for fixed reference PUCCH resource (if agreed)
· Reuse the PC parameter mapping approach specified for PUCCH by replacing SRI with pucch-SpatialRelationInfoId and associated PC parameters of the PUCCH resource that is tied to PUSCH.
2.2. Interpretation of tpc-idex for DCI format 2_2
In RAN1 #92, the following was agreed
Agreement (New RRC parameter):
For group-common TPC command in DCI format 2-2, when a UE is not configured with 2 closed loops, NR uses the same approach as LTE (i.e. TPC_index is configured by higher layers and used by the UE to determine the location of the TPC command in the DCI)

· New RRC parameter needs to be introduced

and the following is captured in 38.331 (only the IE PUSCH-TPC-CommandConfig is copied below but PUCCH-TPC-CommandConfig also has a similar format)
The IE PUSCH-TPC-CommandConfig is used to configure the UE for extracting TPC commands for PUSCH from a group-TPC messages on DCI.

PUSCH-TPC-CommandConfig information element

-- ASN1START

-- TAG-PUSCH-TPC-COMMANDCONFIG-START

PUSCH-TPC-CommandConfig ::=


SEQUENCE {


-- An index determining the position of the first bit of TPC command inside the DCI format 2-2 payload. 


tpc-Index






INTEGER (1..15)














OPTIONAL,
-- Cond SUL


-- An index determining the position of the first bit of TPC command inside the DCI format 2-2 payload. 


tpc-IndexSUL





INTEGER (1..15)














OPTIONAL,
-- Cond SUL-Only


-- The serving cell to which the acquired power control commands are applicable. If the value is absent, the UE applies the 


-- TPC commands to the serving cell on which the command has been received. 


targetCell






ServCellIndex














OPTIONAL,
-- Need S


...

}

-- TAG-PUSCH-TPC-COMMANDCONFIG-STOP

-- ASN1STOP

While the above agreement covers single closed loop case, how to handle DCI 2_2 operation for the case where UE is configured with 2 closed loops remains to be finalized. 
First, we clarify the behavior for a UE configured with single closed loop.  According to the agreement, the UE behavior should be similar to LTE as follows

Proposal 2a
· A UE configured with a single closed loop interprets the tpc-index field as follows

· tpc-index field configured by RRC gives TPC command number in the DCI format 2_2

· DCI format 2_2 has N TPC commands.

· 
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[image: image2.wmf]format 0_0

L

 is equal to the payload size of DCI format 0_0 before CRC attachment when format 0_0 is mapped onto CSS, including any padding bits appended to format 0_0.

· If 
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, a bit of value zero shall be appended to DCI format 2_2.

Then the following options can be considered for finalizing the case for UE configured with 2 closed loops
· Option 1: A UE configured with two closed loops interprets the tpc-index field as follows 
· tpc-index field configured by RRC gives ‘composite TPC command number’ in the DCI format 2_2

· DCI 2_2 has N ‘composite TPC commands’, with each ‘composite TPC command’ corresponding to 4 bits; first two bits are applied as TPC command for l=0 closed loop and the last two bits are applied as TPC command for l=1 closed loop.

· 
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 where 
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 is equal to the payload size of DCI format 0_0 before CRC attachment when format 0_0 is mapped onto CSS, including any padding bits appended to format 0_0.

· If 
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, bits with bit of value zero shall be appended to DCI format 2_2 until DCI format 2_2 is same size as DCI format 0_0 before CRC.
· Option 2: A UE configured with two closed loops interprets the tpc-index field as follows 

· tpc-index field configured by RRC gives ‘composite TPC command number’ in the DCI format 2_2

· DCI 2_2 has N ‘composite TPC commands’, with each ‘composite TPC command’ corresponding to 3 bits; first two bits give a TPC command and the last bit gives the closed loop index l=0 or 1 corresponding to that TPC command.

· 
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 where 
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 is equal to the payload size of DCI format 0_0 before CRC attachment when format 0_0 is mapped onto CSS, including any padding bits appended to format 0_0.

· If 
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, bits with bit of value zero shall be appended to DCI format 2_2 until DCI format 2_2 is same size as DCI format 0_0 before CRC.

· Option 3: A UE configured with two closed loops, interprets tpc-index field in the same manner as a UE configured with one closed loop. However, the TPC command from DCI format 2_2 is applied to the ‘last used closed loop index’.
In RAN1#92, the above three options were discussed [2] but an agreement was not reached. All the above options can reuse the existing RRC. Also, for all the above options, gNB is free multiplex TPC commands for UEs with 1 or 2 closed loops within the same DCI format 2_2.

Option3 would require the UE to remember the ‘last used closed loop index’ which would be difficult to define for different UE states, and can also result in ambiguity between UE and gNB due to missed PDCCH. Therefore, this option is not preferred. 
Between Option1 and Option2, more UEs can be multiplexed with Option2 compared to Option1. Option1 provides TPC commands for two closed loops at one time. However, in our view, the UE would be configured with two closed loops when the expected interference conditions corresponding to each loop are different. In such a situation, joint updates for both loops would rarely occur at the same time, and in most of the occasions, for Option1 the TPC command for one of the loops has to be set to 00. Given this, we consider Option2 to be more efficient than Option1. 
Proposal 2b

· For a UE configured with two closed loops tpc-index field is interpreted as shown in Option2 above.
2.3. Conditions for limiting the accumulation of closed loops
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For PUSCH power control, the following is specified in TS 38.213

Hence, there is just as in LTE a condition that limits the closed loop accumulation when a UE’s power control loop has reached a level that is above (below) the maximum (minimum) output power of the UE. However, with the introduction of beam specific power control, given by 
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, the statement above is ambiguous. It may for instance be so that 
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. Hence, some power control loops may have reached its maximal power whereas some have not. 

Given this, we propose that the limiting conditions be described with more specific detail for NR as follows. We provide a more detailed analysis and background for the below proposals in a companion contribution [3].
Proposal 3a
· For DCI formats 0_0 and 0_1 associated with an UL grant corresponding to a given 
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· If the UE has reached 
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, for the given 
[image: image17.wmf])

,

,

,

(

l

q

j

i

d

, positive TPC commands for carrier 
[image: image18.wmf]f

 of serving cell 
[image: image19.wmf]c

 shall not be accumulated for that given 
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· If UE has reached minimum power for carrier 
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 of serving cell 
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, for the given 
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 of serving cell 
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 shall not be accumulated for that given 
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· Closed loop power control for PUCCH given DCI formats 1_0 and 1_1 adopts an analogous solution to DCI formats 0_0 and 0_1 for limiting accumulation
Proposal 3b

· Limitation of the closed loop accumulation for PUSCH in the case of DCI format 2_2 should be based on a condition on all 
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 affected by the group common DCI. 
· If for all 
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, affected by the TPC command, the condition
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 holds then positive TPC commands should not be accumulated. 

· If for all 
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minimum_power holds then negative TPC commands should not be accumulated. 

· Closed loop power control for PUCCH given DCI format 2_2 adopts an analogous solution to PUSCH given DCI format 2_2 for limiting accumulation
2.4. Scaling of PUSCH transmission power for UL-MIMO
For PUSCH power control the following is specified in TS 38.213 section 7.1


[image: image32]
The above formulation appears to primarily consider fully coherent codebook based operation, not addressing non-codebook based operation or taking into account UE coherence capability. Given the above text, 

· Codebook based transmission with full coherence capability can achieve full transmission power, and can save power by selecting precoders that transmit on a single antenna.

· However, codebook based transmission by UEs with non and partial coherence capabilities cannot achieve the full transmission power for rank 1, degrading cell edge performance. 

· Similarly UEs using non-codebook transmission cannot achieve the full transmission power for rank 1, degrading cell edge performance. 
In companion contribution [4], we provide a more detailed background and analysis leading to the above observations and also show example approaches to modify the specification to address the above issues. Proposals from [4] are repeated here for convenience

Proposal 4 
· UL power control for PUSCH should be modified such that UEs using non-codebook based transmission can transmit with a total power 
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 independent on rank, allowing the UE to transmit at its maximum rated power. 
· UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power 
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 independent on rank, allowing the UE to transmit at its maximum rated power.
3. Conclusions
In this document, we discuss some remaining issues for finalising the specification of NR power control and propose the following
Proposal 1

· Confirm the below working assumption from RAN1#92
Working Assumption

For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported

· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
· For the case where the spatial relation for PUSCH is given by the MAC-CE activated spatial relation for fixed reference PUCCH resource (if agreed)
· Reuse the PC parameter mapping approach specified for PUCCH by replacing SRI with pucch-SpatialRelationInfoId and associated PC parameters of the PUCCH resource that is tied to PUSCH.
Proposal 2a

· A UE configured with a single closed loop interprets the tpc-index field as follows

· tpc-index field configured by RRC gives TPC command number in the DCI format 2_2

· DCI format 2_2 has N TPC commands.

· 
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where 
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 is equal to the payload size of DCI format 0_0 before CRC attachment when format 0_0 is mapped onto CSS, including any padding bits appended to format 0_0.

· If 
[image: image37.wmf]format 0_0format 0_0

22

LL

êú

<

êú

ëû

, a bit of value zero shall be appended to DCI format 2_2.

Proposal 2b

· A UE configured with two closed loops interprets the tpc-index field as follows 

· tpc-index field configured by RRC gives ‘composite TPC command number’ in the DCI format 2_2

· DCI 2_2 has N ‘composite TPC commands’, with each ‘composite TPC command’ corresponding to 3 bits; first two bits give a TPC command and the last bit gives the closed loop index l=0 or 1 corresponding to that TPC command.

· 
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 where 
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 is equal to the payload size of DCI format 0_0 before CRC attachment when format 0_0 is mapped onto CSS, including any padding bits appended to format 0_0.

· If 
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, bits with bit of value zero shall be appended to DCI format 2_2 until DCI format 2_2 is same size as DCI format 0_0 before CRC.

Proposal 3a

· For DCI formats 0_0 and 0_1 associated with an UL grant corresponding to a given 
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· If the UE has reached 
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 shall not be accumulated for that given 
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· If UE has reached minimum power for carrier 
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, for the given 
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 of serving cell 
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 shall not be accumulated for that given 
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· Closed loop power control for PUCCH given DCI formats 1_0 and 1_1 adopts an analogous solution to DCI formats 0_0 and 0_1 for limiting accumulation
Proposal 3b

· Limitation of the closed loop accumulation for PUSCH in the case of DCI format 2_2 should be based on a condition on all 
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 affected by the group common DCI. 
· If for all 
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 holds then positive TPC commands should not be accumulated. 

· If for all 
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minimum_power holds then negative TPC commands should not be accumulated. 

· Closed loop power control for PUCCH given DCI format 2_2 adopts an analogous solution to PUSCH given DCI format 2_2 for limiting accumulation
Proposal 4 
· UL power control for PUSCH should be modified such that UEs using non-codebook based transmission can transmit with a total power 
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 independent on rank, allowing the UE to transmit at its maximum rated power. 
· UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power 
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 independent on rank, allowing the UE to transmit at its maximum rated power.
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If the UE has reached � EMBED Equation.3 ��� for carrier � EMBED Equation.3 ��� of serving cell � EMBED Equation.3 ���, positive TPC commands for carrier � EMBED Equation.3 ��� of serving cell � EMBED Equation.3 ��� shall not be accumulated.


If UE has reached minimum power for carrier � EMBED Equation.3 ��� of serving cell � EMBED Equation.3 ���, negative TPC commands for carrier � EMBED Equation.3 ��� of serving cell � EMBED Equation.3 ��� shall not be accumulated.





For PUSCH, a UE first scales a linear value � EMBED Equation.3 ��� of the transmit power � EMBED Equation.3 ��� on UL BWP � EMBED Equation.3 ���, as described in Subclause � REF _Ref496621482 \h ��12�, of carrier � EMBED Equation.3 ��� of serving cell � EMBED Equation.3 ���, with parameters as defined in Subclause � REF _Ref497117847 \h  \* MERGEFORMAT ��7.1.1�, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 
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