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Discussion & Decision 
1. Introduction
RAN2 made following agreements for supporting update of PUSCH pathloss RSs by MAC CE
1. PUSCH pathloss reference RS update MAC CE with single mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id is supported.

2. For PUSCH Pathloss Reference RS activation/deactivation MAC CE, the PUSCH-PathlossReferenceRS-Id and sri-PUSCH-PowerControlId is included explicitly.

In the current draft Rel-16 MAC specification [1], it includes the MAC CE for PUSCH Pathloss Reference RS Activation/Deactivation but we think the current MAC CE format makes problems for certain cases.
In this contribution, we trigger the issue of the current MAC CE format and suggest to solve this problem by re-designing the PUSCH Pathloss Reference RS Activation/Deactivation MAC CE. In addtion, we also propose to change the current LCID for DL MAC CEs to new eLCID format.
2. Discussion

2.1
Issue 1: pathloss RS MAC CE
RAN2 made agreements based on below RAN1 agreements regarding to PUSCH pathloss reference RS update MAC CEs:
Working assumption@RAN1#98bis

Pathloss reference RS for PUSCH can be activated/updated via a MAC CE

-
The MAC CE message can activate/update the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.
•
Note(Informative): In TS38.331, the mapping is given by SRI-PUSCH-PowerControl, in which the linkage is between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.

-
Further signaling details are up to RAN2.

-
Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.

•
Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 

o
This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.

o
UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4. 

o
It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.

Send an LS to RAN4 asking opinion on this working assumption.

Agreement (RRC impact)@ RAN1#99

On power control for PUSCH, PUCCH, and SRS, the total number of maximum configurable pathloss RSs, in including those supported in Rel-15, by RRC is 64

·Note: Such pathloss reference signals are for configuration purpose only, and UE is still only required to track up to 4 pathloss RSs for any PUSCH, PUCCH, and SRS transmissions. 

o  “Up to 4 pathloss RSs” applies the total number of pathloss RSs for PUSCH, PUCCH, and SRS

Below is the agreed MAC CE format [1] i.e. only single mapping between SRI and PUSCH pathloss RS is supported.
	6.1.3.28
PUSCH Pathloss Reference RS Activation/Deactivation MAC CE

The PUSCH Pathloss Reference RS Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 24 bits:

-
Serving Cell ID: This field indicates the identity of the Serving Cell, which contains activated/deactivated SRS Resource Set. The length of the field is 5 bits;

-
BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains activated/deactivated SRS Resource Set. The length of the field is 2 bits;

-
SRI ID : This field indicates the SRI PUSCH power control ID identified by sri-PUSCH-PowerControlId as specified in TS 38.331 [5]. The length of the field is 4 bits;

-
PUSCH Pathloss Reference RS ID: This field indicates the PUSCH Pathloss Reference RS ID identified by PUSCH-PathlossReferenceRS-Id as specified in TS 38.331 [5], which is to be activated/deactivated. The length of the field is 6 bits;

-
R: Reserved bit, set to 0.
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Figure 6.1.3.ZD-1: PUSCH Pathloss Reference RS Activation/Deactivation MAC CE


However, UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4 e.g. upto 64. It means RRC configures at most 64 pathloss RSs for PUSCH but UE can only measure 4 activated pathloss RSs which are activated by PUSCH Pathloss Reference RS Activation/Deactivation MAC CE. In addition, multiple SRI IDs can be mapped to the same pathloss RS because the maximum number of SRI ID is 16 and the maximum number of pathloss RSs is 64.
For example, there are 64 RRC configured pathloss RSs and 8 SRI IDs, and following mapping between SRI IDs and PL RSs is configured:

· Initial phase

· PL RS#1 is associated with SRI ID #1 and SRI ID #2

· PL RS#2 is associated with SRI ID #3 and SRI ID #4

· PL RS#3 is associated with SRI ID #5 and SRI ID #6

· PL RS#4 is associated with SRI ID #7 and SRI ID #8

· Second phase: MAC CE can update the mapping rule as below

· PL RS#11 is associated with SRI ID #1 and SRI ID #2

· PL RS#22 is associated with SRI ID #3 and SRI ID #4

· PL RS#33 is associated with SRI ID #5 and SRI ID #6

· PL RS#44 is associated with SRI ID #7 and SRI ID #8
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Above operation would be the intended operation but the UE operation cannot support this because UE can only measure at most 4 pathloss RSs. Moreover, simultaneous update of multiple SRI IDs which are associated with the same pathloss RS is not supported in the current MAC CE format. 
According to the current MAC CE format, estimated operation to support above scenario i.e. from the initial phase to the second phase is that:

1.  NW send MAC CE including SRI ID #1 and PL RS ID #11

2.  At this timing, there are 5 activated PL RSs but UE cannot track 5 pathloss RSs because of UE capability.

A. PL RS #11 for SRI ID #1

B. PL RS #1 for SRI ID #2

C. PL RS #2 for SRI ID #3 and SRI ID #4

D. PL RS #3 for SRI ID #5 and SRI ID #6

E. PL RS #4 for SRI ID #7 and SRI ID #8

Since RAN2 restricted single mapping between SRI ID and PL RS, above problem always occur if sequential transmission of MAC CE to update the mapping between single SRI ID and PL RS. In that case UE may miss measuring/tracking one PL RS because of UE capability.
We think there are two approaches to solve the problem:

1.  Re-design MAC CE: 
A. one MAC CE can include multiple SRI IDs which were associated with the same pathloss RS.
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· C1: indicate the presence of the additional SRI ID. 
In that case, NW should include multiple SRI IDs which had same mapping for the PL RS.

2.  Add restriction on the MAC specification:
A. If the pathloss RS ID for the certain SRI ID is updated by MAC CE, all SRI IDs which mapped with the previous pathloss RS ID are also updated to the indicated pathloss RS ID in this MAC CE.

Below is the example of restriction for this solution.

	5.18.15
Activation/Deactivation of Pathloss Reference RS of PUSCH

The network may activate and deactivate a pathloss reference RS for PUSCH of a Serving Cell by sending the PUSCH Pathloss Reference RS Activation/Deactivation MAC CE described in clause 6.1.3.ZD.

The MAC entity shall:

1>
if the MAC entity receives a PUSCH Pathloss Reference RS Activation/Deactivation MAC CE on a Serving Cell:

2>
indicate to lower layers the information regarding the PUSCH Pathloss Reference RS Activation/Deactivation MAC CE.

NOTE: If the pathloss RS ID for the certain SRI ID is updated by MAC CE, all SRI IDs which mapped with the previous pathloss RS ID are also updated to the indicated pathloss RS ID in this MAC CE.


Proposal 1: Restriction of PUSCH Pathloss Reference RS Activation/Deactivation MAC CE needs to be clarified in the specification.
2.2
Issue 2: LCID allocation
In RAN2 #109e, RAN2 have made agreements relating to LCID extension because the legacy remaining LCIDs are not enough to introduce all MAC CEs:

	Agreements [AT109e][012][R16]
· LCID spaces for both DL and UL MAC CEs are extended from Rel-16.

· To extend LCID spaces for MAC CEs, a new MAC subheader with one-byte eLCID field is introduced. Tentatively LCID value 34 is used for both DL and UL for the new MAC subheader.

· When the new MAC subheader with one-byte eLCID field is used, eLCID values 0 to 255 indicates LCID values 64 to 319, accordingly.

· The LCID range in IAB running CR (i.e. 64 to (216 – 65)) is updated to '320 to (216 + 319). It is FFS whether to keep reserved LCID values in IAB running CR.
· For the selection of set1 (below 64) or set2 (above 64), the general principle is that less frequent and low priority MAC CEs should be assigned to set2, and more frequent and high priority MAC CEs (which also requires low overhead) can be assigned to set1 based on consensus. With this principle, the final decision is made by each WI discussion.

· No restriction (e.g. always to have L field) is needed to assign MAC CE to set2




In addition, the additional MAC subheaders which reflect the above agreements are added in the Rel-16 draft MAC specification, clause 6.1.2 [1].

In eMIMO WI, we had introduced 4 new UL MAC CEs and 6 new DL MAC CEs which require the new LCID:
· BFR MAC CEs (UL)
· SCell BFR (four octets Ci)
· SCell BFR (one octets Ci)

· Truncated SCell BFR (four octets Ci)

· Truncated SCell BFR (one octets Ci)

· Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (DL)
· Enhanced PUCCH spatial relation Activation/Deactivation MAC CE (DL)
· AP SRS spatial relation Indication MAC CE (DL)
· SRS Pathloss Reference RS Activation/Deactivation MAC CE (DL)
· PUSCH Pathloss Reference RS Activation/Deactivation MAC CE (DL)
· CC list-based SRS Activation/Deactivation MAC CE (DL)
In the current specification, these MAC CEs are 
Table 6.2.1-1 Values of LCID for DL-SCH

	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one–octet eLCID field)

	35
	Reserved

	36
	SP Positioning SRS Activation/Deactivation

	37
	Duplication RLC Activation/Deactivation

	38
	Absolute Timing Advance Command

	39
	CC list-based SRS Activation/Deactivation

	40
	PUSCH Pathloss Reference RS Activation/Deactivation

	41
	SRS Pathloss Reference RS Activation/Deactivation

	42
	AP SRS spatial relation Indication

	43
	Enhanced PUCCH spatial relation Activation/Deactivation

	44
	Enhanced TCI States Activation/Deactivation for UE-specific PDSCH

	45
	Number of Provided Guard Symbols

	46
	Timing Delta

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5])

	1–32
	Identity of the logical channel

	33
	Extended logical channel ID field (two–octet eLCID field)

	34
	Extended logical channel ID field (one–octet eLCID field)

	35–39
	Reserved

	40
	Sidelink Configured Grant Confirmation

	41
	Truncated Sidelink BSR

	42
	Sidelink BSR

	43
	Multiple Entry Configured Grant Confirmation

	44
	LBT failure (four octets)

	45
	LBT failure (one octet)

	46
	SCell BFR (four octets Ci)

	47
	SCell BFR (one octet Ci)

	48
	Truncated SCell BFR (four octets Ci)

	49
	Truncated SCell BFR (one octet Ci)

	50
	Number of Desired Guard Symbols

	51
	Pre-emptive BSR

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5])

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding


For the UL MAC CEs, extending octec cause the coverage reduction problem, and this SCell BFR requires keeping the performance of coverage. So, the legacy MAC subheader format using 6 bits LCID is preferred. For the DL MAC CEs, MIMO WI already have many DL MAC CEs and we expect more DL MAC CEs will be introduced for the future release. This kind of new DL MAC CEs are not critical for the size in terms of the performance, so it would be better to allocate the 1-octet eLCIDs for these DL MAC CEs which are newly introduced 6 DL MAC CEs above for consistency reason, i.e. MAC CEs from same WI can use the same format of LCID.
Table 6.2.1-1b Values of one-octet eLCID for DL-SCH

	Codepoint
	Index
	LCID values

	0 to 255
	64 to 319
	reserved


Proposal 2: Allocate the 1-octet eLCIDs for the newly added DL MAC CEs on eMIMO WI:

· Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (DL)
· Enhanced PUCCH spatial relation Activation/Deactivation MAC CE (DL)
· AP SRS spatial relation Indication MAC CE (DL)
· SRS Pathloss Reference RS Activation/Deactivation MAC CE (DL)
· PUSCH Pathloss Reference RS Activation/Deactivation MAC CE (DL)
· CC list-based SRS Activation/Deactivation MAC CE (DL)
3. Conclusion
In this contribution, we propose below proposals:
Proposal 1: Restriction of PUSCH Pathloss Reference RS Activation/Deactivation MAC CE needs to be clarified in the specification.

Proposal 2: Allocate the 1-octet eLCIDs for the newly added DL MAC CEs on eMIMO WI:

· Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (DL)
· Enhanced PUCCH spatial relation Activation/Deactivation MAC CE (DL)
· AP SRS spatial relation Indication MAC CE (DL)
· SRS Pathloss Reference RS Activation/Deactivation MAC CE (DL)
· PUSCH Pathloss Reference RS Activation/Deactivation MAC CE (DL)
· CC list-based SRS Activation/Deactivation MAC CE (DL)
4. References
[1] Medium Access Control (MAC) protocol specification (Release 16), TS 38.321 v16.0.0.
PUSCH-PathlossReferenceRS #1
PUSCH-PathlossReferenceRS #2
PUSCH-PathlossReferenceRS #63
PUSCH-PathlossReferenceRS #64
pathlossReferenceRS
...
Initial phase
SRI#2 -
PLRS#1
SRI#3 -
PLRS#2
SRI#4 -
PLRS#2
SRI#5 -
PLRS#3
SRI#6 -
PLRS#3
SRI#7 -
PLRS#4
SRI#8 -
PLRS#4
SRI#1 -
PLRS#11
Second phase – MAC CE update
SRI#2 -
PLRS#11
SRI#3 -
PLRS#21
SRI#4 -
PLRS#21
SRI#5 -
PLRS#33
SRI#6 -
PLRS#33
SRI#7 -
PLRS#44
SRI#8 -
PLRS#44
SRI#1 -
PLRS#1



