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[bookmark: _Ref178064866]Introduction
In XR WI [1], following objectives are agreed in order to support XR traffic:
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);


In this contribution, we discuss UP issues on DRX enhancement and CG enhancement for XR.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
HARQ process ID determination on Multi-PUSCH CG
According to current MAC specification [2], for Multi-PUSCH CG, HARQ process ID is calculated for each CG PUSCH occasions as follows:
	For a multi-PUSCH configured grant (as specified in clause 5.8.2) configured with neither harq-ProcID-Offset2 nor cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [nrofSlotsInCG-Period× floor (CURRENT_symbol / periodicity) + ID_OFFSET] modulo nrofHARQ-Processes
For a multi-PUSCH configured grant configured with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [nrofSlotsInCG-Period × floor (CURRENT_symbol / periodicity) + ID_OFFSET] modulo nrofHARQ-Processes + harq-ProcID-Offset2


In other words, the value of CURRENT_symbol could be different for each CG PUSCH occasions even though these CG PUSCH occasions are within the same periodicity. 

However, if the CURRENT_symbol is determined for each CG PUSCH occasion, it is possible that the floor operation could be applied unintentionally, since each CG PUSCH occasion is occurred after one slot (i.e., numberOfSymbolsPerSlot symbols) from the previous CG PUSCH occasion for each periodicity. 
	For a multi-PUSCH configured grant Type 1, the Mth (1 < M ≤ nrofSlotsInCG-Period) configured uplink grant within a periodicity occurs (M-1) × numberOfSymbolsPerSlot symbols after the symbol in which the first configured uplink grant in that periodicity occurs.



For example, assuming that the periodicity is configured to sym5x14, (i.e. 70 symbols), and nrofHARQ-Processes is configured with 6. If the start symbol index of the first CG PUSCH occasion of periodicity 1 is defined as 56, the result of the floor operation for the next CG PUSCH occasions in the same periodicity would be increased as depicted in Figure 1. Then, the HARQ process ID would be increased by the number of CG PUSCH occasions of one periodicity (i.e., nrofSlotsInCG-Period, 3 in the below example), which is unintended behaviour. 
 


Figure 1. Example of HARQ PID of multi-PUSCH CG

In our understanding, according to RAN1 LS in [3], it was intended to increase HARQ process ID by one for the remaining configured and valid CG PUSCH occasions within the same periodicity of Multi-PUSCH CG.  
	Agreement
From RAN1 perspective, for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period
· The HARQ process ID of the remaining configured/ and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.


Therefore, in order to correctly capture the RAN1’s intention, the result of the floor operation should be same within the periodicity. 

Meanwhile, in Rel-15, there were similar issue on the HARQ process ID determination for repetition case. Based on the discussion, RAN1 had concluded that the symbol index is defined as a first transmission occasion within the bundle. 

In this sense, same clarification seems enough for Multi-PUSCH CG, i.e., to clarify that CURRENT_symbol refers to the symbol index of a first CG PUSCH occasion of the same periodicity, in order to avoid the unintentional increase of the HARQ process ID in the same periodicity.
 
[bookmark: _Toc458688128][bookmark: _Toc458688133][bookmark: _Toc458700495][bookmark: _Toc458688134][bookmark: _Toc458700496][bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Proposal 1. For Multi-PUSCH CG, CURRENT_symbol is defined as a first CG PUSCH occasion within a periodicity.
If proposal 1 is agreed, TP in Annex A should be adopted.
Proposal 2. Adopt the TP in Annex A. 

Initialization of DRX_SFN_COUNTER
drx-TimeReferenceSFN was introduced to address hyper SFN boundary ambiguity issue that can happen when RRCReconfiguration message is re-/transmitted across hyper frame. 
When DRX_SFN_COUNTER is initialized by the network, the initial value of DRX_SFN_COUNTER is determined depending on drx-TimeReferenceSFN. This method is inherited from Rel16 IIOT and the intended behaviour is as follows.
· In the network side
· If RRCReconfiguration is transmitted firstly between SFN 0 and 512, 
· drx-TimeReferenceSFN sets to 0. 
· If RRCReconfiguration is transmitted firstly between SFN 512 and 0, 
· drx-TimeReferenceSFN sets to 512. 
· In the UE side,
· If RRCReconfiguration is received between SFN 0 and 512 and drx-TimeReferenceSFN is absent,
· DRX_SFN_COUNTER = 0
· If RRCReconfiguration is received between SFN 0 and 512 and drx-TimeReferenceSFN is 512,
· DRX_SFN_COUNTER = 1
· If RRCReconfiguration is received between SFN 512 and 0 and drx-TimeReferenceSFN is absent,
· DRX_SFN_COUNTER = 0
· If RRCReconfiguration is received between SFN 512 and 0 and drx-TimeReferenceSFN is 512,
· DRX_SFN_COUNTER = 0
However, according to the current MAC specification, DRX_SFN_COUNTER is always initialized to 0 after the successful completion of the RRC (re-)configuration, even if the UE receives RRCReconfiguration between SFN 0 and 512 and drx-TimeReferenceSFN is set to 512.
Therefore, the current specification cannot resolve the hyper SFN boundary ambiguity issue.
	1>	if the drx-NonIntegerLongCycleStartOffset is configured:
2>	increment DRX_SFN_COUNTER by 1 in the first symbol of a slot in which SFN changes to 0;
2>	if DRX is (re-)configured by RRC:
3>	set DRX_SFN_COUNTER to 0 in the first symbol of the slot immediately after the successful completion of the RRC (re-)configuration;
…unnecessary part is omitted…
1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor([(drx-TimeReferenceSFN × 10) + drx-StartOffset] modulo (drx-NonIntegerShortCycle)):
…unnecessary part is omitted…
1>	if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycleStartOffset is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = floor([(drx-TimeReferenceSFN × 10) + drx-StartOffset] modulo (drx-NonIntegerLongCycle)):
…unnecessary part is omitted…



In order to initialize DRX_SFN_COUNTER correctly, the intended UE behaviour to initialize DRX_SFN_COUNTER should be captured, i.e., 
· When the UE receives RRCReconfiguration between SFN 0 and 512, 
· if drx-TimeReferenceSFN is set to 512, the UE initializes DRX_SFN_COUNTER to 1 after the successful completion of the RRCReconfiguration, 
· otherwise, the UE initializes DRX_SFN_COUNTER to 0 after the successful completion of the RRCReconfiguration.
Proposal 3. RAN2 captures the intended UE behaviour to initialize DRX_SFN_COUNTER, as follows.
· When the UE receives RRCReconfiguration between SFN 0 and 512, 
· if drx-TimeReferenceSFN is set to 512, the UE initializes DRX_SFN_COUNTER to 1 after the successful completion of the RRCReconfiguration, 
· otherwise, the UE initializes DRX_SFN_COUNTER to 0 after the successful completion of the RRCReconfiguration.

If P3 is agreeable, drx-TimeReferenceSFN does not need to be considered in DRX formula.
Proposal 4. If P3 is agreeable, remove drx-TimeReferenceSFN in DRX formala.

There are two ways to specify the UE behaviour.
· Option 1. All UE behaviour for initializing DRX_SFN_COUNTER is specified in MAC specification.
· Option 2. RRC related behaviour is specified in RRC specification and the initialization of DRX_SFN_COUNTER upon RRC indication is specified in MAC specification.

For Option 1, MAC needs to recognize RRC related behaviour, 1) when RRCReconfiguration message is received, 2) whether RRCReconfiguration message includes drx-TimeReferenceSFN and 3) when RRCReconfigurationComplete message is transmitted, i.e., the successful completion of the RRCReconfiguration message.
However, generally, MAC specification does not capture the name of RRC message and the interaction between MAC and RRC is not captured in MAC specification. We think that this is not desirable way.
For Option 2, RRC related behaviour is specified in RRC specification and RRC indicates to MAC to initialize DRX_SFN_COUNTER, and then MAC initializes DRX_SFN_COUNTER. Thus, the UE behaviour is specified separately in RRC and MAC specification. We think this is the traditional way to specify the UE behaviour in 3GPP.
Proposal 5. The UE behaviour upon receiving RRCReconfiguration for initializing DRX_SFN_COUNTER is specified separately in RRC and MAC specification.

Based on Proposal 3- 5, TP is provided in Annex B.
Proposal 6. Adopt the TP in Annex B. 

Coexistence of non-integer DRX cycle and integer DRX cycle
In the current specification, there is a restriction that non-integer Long DRX cycle and integer Long DRX cycle (i.e. legacy Long DRX cycle) cannot be used. (yellow highlighted).
	drx-NonIntegerLongCycleStartOffset
drx-NonIntegerLongCycle in non-integer number of ms (e.g. ms25over3 corresponds to 25/3 ms, ms100over9 corresponds to 100/9 ms and so on) and drx-StartOffset in multiples of 1 ms. If drx-NonIntegerShortCycle is configured, the value of drx-NonInetegerLongCycle shall be a multiple of the drx-NonIntegerShortCycle value. If drx-NonIntegerLongCycleStartOffset-r18 is configured, the UE shall ignore drx-LongCycleStartOffset.



However, there is no restriction for following cases and it is not clear whether following cases are allowed or not. 
· Case#1. Non-integer Short DRX cycle and legacy Long DRX cycle are used simultaneously.
· Case#2 Legacy Short DRX cycle and non-integer Long DRX cycle are used simultaneously.
Therefore, we think whether Case#1 and Case#2 need to be allowed should be discussed.
In legacy, there is a principle that Long DRX cycle should be multiple of Short DRX cycle, and this principle is applied to non-integer Long DRX cycle and non-integer Short DRX cycle. (green highlighted)
	drx-LongCycleStartOffset
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value.

	drx-NonIntegerLongCycleStartOffset
drx-NonIntegerLongCycle in non-integer number of ms (e.g. ms25over3 corresponds to 25/3 ms, ms100over9 corresponds to 100/9 ms and so on) and drx-StartOffset in multiples of 1 ms. If drx-NonIntegerShortCycle is configured, the value of drx-NonInetegerLongCycle shall be a multiple of the drx-NonIntegerShortCycle value. If drx-NonIntegerLongCycleStartOffset-r18 is configured, the UE shall ignore drx-LongCycleStartOffset.



The motivation of the principle is to fit the multiple of Short DRX cycle into Long DRX cycle. In this way, drx-StartOffset can be shared in DRX formula between Long DRX cycle and Short DRX cycle and the start of onDuration can be aligned between Short DRX cycle and Long DRX cycle.
drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,
                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,
                                                spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },

DRX-ConfigExt2-v1800 ::=                SEQUENCE {
    drx-NonIntegerLongCycleStartOffset-r18  CHOICE {
        ms1001over240                           INTEGER(0..3),
        ms25over6                               INTEGER(0..3),
        ms25over3                               INTEGER(0..7),
        ms1001over120                           INTEGER(0..7),
        ms100over9                              INTEGER(0..10),
        ms25over2                               INTEGER(0..11),
        ms40over3                               INTEGER(0..12),
        ms125over9                              INTEGER(0..12),
        ms50over3                               INTEGER(0..15),
        ms1001over60                            INTEGER(0..15),
        ms125over6                              INTEGER(0..19),
        ms200over9                              INTEGER(0..21),
        ms250over9                              INTEGER(0..26),
        ms100over3                              INTEGER(0..32),
        ms1001over30                            INTEGER(0..32),
        ms125over3                              INTEGER(0..40),
        ms1001over24                            INTEGER(0..40),
        ms200over3                              INTEGER(0..65),
        ms1001over15                            INTEGER(0..65),
        ms250over3                              INTEGER(0..82),
        ms1001over12                            INTEGER(0..82),
        ms400over3                              INTEGER(0..132)
    },
    shortDRX-r18                            SEQUENCE {
        drx-NonIntegerShortCycle-r18            ENUMERATED {ms1001over240, ms25over6, ms25over3, ms1001over120, ms100over9, ms25over2,
                                                            ms40over3, ms125over9, ms50over3, ms1001over60, ms125over6, ms200over9,
                                                            ms100over3, ms1001over30, ms125over3, ms1001over24, ms200over3, spare15,
                                                            spare14, spare13, spare12, spare11, spare10, spare9, spare8, spare7, spare6,
                                                                   spare5, spare4, spare3, spare2, spare1},

However, in Case#1 and Case#2, in most cases, Long DRX cycle is not multiple of Short DRX cycle, except ms40over3. Thus, the legacy principle cannot be applied to Case#1 and Case#2 in most cases. 
In our view, for the simple implementation, it would be better to exclusively configure non-integer DRX cycle and legacy DRX cycle than to allow Case#1 and Case#2 for the rare case, i.e, ms40over3.
There may be thought that Case#1 and Case#2 should be supported even if Long DRX cycle is not multiple of Short DRX cycle. As mentioned above, if Long DRX cycle is not multiple of Short DRX cycle, drx-StartOffset cannot be shared and drx-StartOffset is needed to configured separately for Long DRX cycle and Short DRX cycle. However, we think there is no gain from allowing Case#1 and Case#2, while RAN2 needs some efforts to implement such cases.
Therefore, we propose to not allow the use of legacy DRX cycle and non-integer DRX cycle simultaneously.
[bookmark: _GoBack]Proposal 7. Legacy DRX cycle and non-integer DRX cycle are not used simultaneously.

Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, miscellaneous issues on XR are discussed. This discussion includes following proposals.
Proposal 1. For Multi-PUSCH CG, CURRENT_symbol is defined as a first CG PUSCH occasion within a periodicity.
Proposal 2. Adopt the TP is Annex A. 
Proposal 3. RAN2 captures the intended UE behaviour to initialize DRX_SFN_COUNTER, as follows.
· When the UE receives RRCReconfiguration between SFN 0 and 512, 
· if drx-TimeReferenceSFN is set to 512, the UE initializes DRX_SFN_COUNTER to 1 after the successful completion of the RRCReconfiguration, 
· otherwise, the UE initializes DRX_SFN_COUNTER to 0 after the successful completion of the RRCReconfiguration.
Proposal 4. If P3 is agreeable, remove drx-TimeReferenceSFN in DRX formala.
Proposal 5. The UE behaviour upon receiving RRCReconfiguration for initializing DRX_SFN_COUNTER is specified separately in RRC and MAC specification.
Proposal 6. Adopt the TP in Annex B. 
Proposal 7. Legacy DRX cycle and non-integer DRX cycle are not used simultaneously.
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Annex A. TP for proposal 1
	[38.321]

[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc155999626]5.4.1	UL Grant reception
…unnecessary part is omitted…
For configured uplink grants that are not part of a multi-PUSCH configured grant and configured with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
	HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
For a multi-PUSCH configured grant (as specified in clause 5.8.2) configured with neither harq-ProcID-Offset2 nor cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [nrofSlotsInCG-Period× floor (CURRENT_symbol / periodicity) + ID_OFFSET] modulo nrofHARQ-Processes
For a multi-PUSCH configured grant configured with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [nrofSlotsInCG-Period × floor (CURRENT_symbol / periodicity) + ID_OFFSET] modulo nrofHARQ-Processes + harq-ProcID-Offset2
[bookmark: _Hlk148661964]where CURRENT_symbol if cg-SDT-PeriodicityExt (as defined in TS 38.331 [5]) is not configured = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8]. For a multi-PUSCH configured grant, ID_OFFSET equals 0 for the first configured uplink grant within a periodicity of the configuration and K for the Kth (1 ≤ K < nrofSlotsInCG-Period) valid configured uplink grant after the first configured uplink grant within the same periodicity. A configured uplink grant in a multi-PUSCH configured grant is not considered valid if it satisfies the conditions specified in clause 6.1 in TS 38.214 [7].
…unnecessary part is omitted…

NOTE 1:	CURRENT_symbol refers to the symbol index of the first transmission occasion of a bundle of configured uplink grant. For multi-PUSCH configured grant, CURRENT_symbol refers to the symbol index of the first configured uplink grant within the same periodicity.







Annex B. TP for proposal 3-5
	[38.331]
[bookmark: _Toc60776760][bookmark: _Toc156129693]5.3.5.3	Reception of an RRCReconfiguration by the UE
…unnecessary part is omitted…
1> if the RRCReconfiguration message includes DRX-configExt2: 
2> if DRX-configExt2 includes drx-TimeReferenceSFN and if the RRCReconfiguration message is received during the first half of a hyper frame (i.e., SFN is between 0 and 511):
3> indicate to the lower layer to set the counter for non-integer DRX cycle to 1 when the lower layer first transmits the RRCReconfigurationComplete message;
2> else:
3> indicate to the lower layer to set the counter for non-integer DRX cycle to 0 when the lower layer first transmits the RRCReconfigurationComplete message;
…unnecessary part is omitted…




	[38.321]
[bookmark: _Toc29239849][bookmark: _Toc37296208][bookmark: _Toc46490335][bookmark: _Toc52752030][bookmark: _Toc52796492][bookmark: _Toc155999644]5.7	Discontinuous Reception (DRX)
…unnecessary part is omitted…
1>	if the drx-NonIntegerLongCycleStartOffset is configured:
2>	increment DRX_SFN_COUNTER by 1 in the first symbol of a slot in which SFN changes to 0;
2>	if DRX is (re-)configured by RRC:
3>	if the counter for non-integer DRX cycle is set to 1 by upper layer:
4>	set DRX_SFN_COUNTER to 1;
3>	if the counter for non-integer DRX cycle is set to 0 by upper layer:
4>	set DRX_SFN_COUNTER to 0;
3>	set DRX_SFN_COUNTER to 0 in the first symbol of the slot immediately after the successful completion of the RRC (re-)configuration;
[bookmark: _Hlk148289852]1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is not configured, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Short DRX cycle is used for a DRX group and the drx-NonIntegerShortCycle is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerShortCycle)) = floor ([(drx-TimeReferenceSFN × 10) + drx-StartOffset]) modulo (drx-NonIntegerShortCycle))]:
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycleStartOffset is not configured, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset; or
1>	if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycleStartOffset is configured, and floor([(DRX_SFN_COUNTER × 10240) + (SFN × 10) + subframe number] modulo (drx-NonIntegerLongCycle)) = floor([(drx-TimeReferenceSFN × 10) + drx-StartOffset]) modulo (drx-NonIntegerLongCycle))]:
…unnecessary part is omitted…
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