
Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: _Ref452454252][bookmark: _Hlk54275161]3GPP TSG-RAN WG2 Meeting #124	R2-2313302
Chicago, USA, Nov. 13 – 17, 2023

Agenda Item:	7.5.4.3
Source:	Ericsson
Title:	Configured Grant enhancements for XR
Document for:	Discussion, Decision

1	Introduction
[bookmark: _Ref178064866]Here we discuss the remaining issues for configured grants. 

2	Configured Grant enhancement

2.1	The running MAC CR
2.1.1	Parameter naming
The running RRC CR has these parameters:
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While the Running MAC CR uses different parameter names: numberOfPUSCH-PerPeriod 
Like in 5.8.2:
RRC configures the following additional parameter for a multi-PUSCH configured grant:
· numberOfPUSCH-PerPeriod: the number of configured uplink grants in a periodicity of a multi-PUSCH configured grant.

1. [bookmark: _Toc149884219]The new RRC parameter names shall be coordinated between the RRC spec and the MAC spec. 

[bookmark: _Toc149884229]In MAC spec, change numberOfPUSCH-PerPeriod to the RRC parameter name nrofSlotsInCG-Period. 

2.1.1	Configured grant modelling in MAC 
MAC shall be aware of TOs that will not be used, because MAC PDUs shall not be obtained in that case. This was the reason to include the question sent in the LS to RAN1 [1] asking for a reference where invalidity is described in the RAN1 specification. 
The current running MAC CR has this modelling in 5.4.1:
[image: ]
…
To determine the HPID, the MAC entity shall only consider valid grants, thus a grant that is invalid will not have a HPID and there would be ambiguity if the line “2> set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;” is reached when the grant is invalid. 
1. [bookmark: _Toc149884220]If the procedural text “2> set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;” is reached for invalid grants, there is ambiguity in UE behaviour, some UEs may drop the grant before obtaining an MAC PDU and some UEs may not. 

Now we believe the current text can work, but we believe the determination of “available for use” is better to place in section 5.8.2 as the specification impact is much less. 
In 5.8.2, the term “occur” is used to describe slots where a CG can be transmitted and “valid” has been used for the CG-SDT case. 
We propose to use the term “valid” for the multi-PUSCH and for the TOs indicated as “unused”: 
[bookmark: _Toc149884230]Describe the “available for use” TOs in section 5.8.2 instead of 5.4.1.
[bookmark: _Toc149884231]In 5.8.2, adopt the text proposal below for valid transmission opportunities: 
A configured uplink grant occurrence is valid: 
1. if the occurrence is associated with a multi-PUSCH configured grant:
1. if the occurrence has not been indicated to lower layers to be unused for PUSCH transmission; and
1. if the occurrence is not invalid as specified in clause 6.1 in TS 38.214 [7].
1. else:
1. if the occurrence has not been indicated to lower layers to be unused for PUSCH transmission.

1. [bookmark: _Toc149884221]The above formulation avoids the need to introduce a new concept of “CGs available for use”.

With the above formulation in 5.8.2, the sentence in 5.4.1 that now reads “For each Serving Cell and each configured uplink grant, if configured and activated and available for use, the MAC entity shall” can be changed back to the original formulation: 
[bookmark: _Toc149884232]In 5.4.1, remove all changes to the sentence “For each Serving Cell and each configured uplink grant, if configured and activated and available for use, the MAC entity shall:”. 

[bookmark: _Hlk149744447]Further, this sentence in 5.8.2 is not in line with legacy formulations in the MAC spec “If the MAC entity determines that a configured uplink grant is going to be unused for PUSCH transmission, it sends an indication to lower layers about this decision.”. We propose: 
[bookmark: _Toc149884233]In 5.8.2, change the sentence 
“If the MAC entity determines that a configured uplink grant is going to be unused for PUSCH transmission, it sends an indication to lower layers about this decision.”
to 
“The MAC entity determines whether configured uplink grant occurrences are going to be unused or not and indicate the unused occurrences to lower layers.”. 

2.2	Dynamic indication of unused CG 
The feature UTO-UCI will only provide XR capacity gains over legacy CG if UE reports some TOs as “unused” and gNB will know this early enough to re-use the resources to serve some other UE. 
However, “late” reporting of “unused” TOs can be beneficial for gNB since it may reduce blind detection, but such gains cannot be converted to capacity gains since the resources cannot be reused. 
[bookmark: _Ref149632684][bookmark: _Toc149884222]Dynamic indication of unused CG will only lead to XR capacity gains if UE reports a TO as “unused” early enough so that gNB can allocate unused resources to other UEs. 
Observation 4 is a key observation for this feature which also indicate that UEs collectively gain from not being conservative when reporting UTO-UCI. The reason is of course that gNB has the intention to serve all UE with enough resources given their need and if some UEs tend to be too “greedy” then all UEs will suffer since resources get wasted. From a UE perspective, specified rules has the benefit that they bring fairness between UEs while for gNB they provide predictability of how UE returns resources not needed.  
[bookmark: _Toc149884223]gNB has the intention to serve all UEs with enough resources.
[bookmark: _Toc149884224]If some UEs tend to be too “greedy”, resources get wasted and all UEs will suffer. 
[bookmark: _Toc149884225]Specified rules for UTO-UCI reporting brings fairness between UEs and predictability for gNB. 
Based on our observations we believe that selection of unused TOs must be specified and controllable by gNB. 
[bookmark: _Toc149884226]If the UEs do not correctly indicate unused TOs, the gNB cannot reuse the resources for other users and will therefore not overprovision CG resources and the UTO-UCI feature will never be used. 
The network shall be able to adapt unused TO selection depending on the network load, the QoS requirements of the UEs, the traffic behaviour for a UE, or depending on the mix of UEs in the system. Otherwise, the feature may not show any gain on the system level or there may only be gain in certain scenarios. There is also a risk that UEs becomes greedy and indicates all future TOs as “used” to achieve better QoS which would be detrimental to network capacity. 
1. [bookmark: _Toc149884227]The best selection algorithm for unused TOs may be affected by the system load, the QOS requirements, traffic behaviour, mix of UEs or on the priorities of different UEs, that is, on information that is not available to an individual UE. 
Therefore, the selection cannot be left to UE implementation, the network must be in control of the UEs selection of “unused” TOs. 
[bookmark: _Toc149884234]The network controls the UE algorithm for selecting unused TOs that are indicated in the UTO-UCI.

[bookmark: _Toc149884235]The MAC selection algorithm for UTO-UCI is described in a new section, for example 5.8.2x or 5.4.x. 
[bookmark: _Toc149884236]MAC layer indicates, to lower layers, the future transmission opportunities that shall be unused and that shall be indicated as unused in the UTO-UCI. 

The future is always uncertain and a future CG TO based on current UE buffer would either be “used” or “unused” and could later be changed to preferably “unused” or “used”. A change from “used” to “unused” is of course less problematic from UE perspective since such change is allowed but can happen if gNB got knowledge about UE buffer size and made the decision to schedule the UE with a large dynamic grant before the future CG TO. 
From UE perspective, a more problematic change is from “unused” to preferred “used” since UE is not allowed to use a TO previously indicated as “unused”. Several events can cause this scenario: 
· More data arrive in UE buffer, for example high priority triggered measurement report or new XR traffic.
· A CG TO intended to be “used” is overridden by a dynamic re-transmission grant. 
· A CG TO intended to be “used” is overridden by a dynamic grant, same or higher physical layer priority. 
· A CG TO intended to be “used” is overridden by cancelling indicator. 
Clearly, the only event that gNB would not be aware of is the case when more data arrive in UE buffer. For the other cases, gNB is aware that UE lost a transmission opportunity and that the previous UTO-UCI indication is no longer accurate. Obviously, since gNB is aware of what happened the gNB will as soon as possible compensate the UE with a new transmission opportunity. 
For the case when more data arrive in UE buffer, we believe that existing mechanisms such as BSR/SR are enough. For example, gNB can configure UE with periodic BSR such that gNB has good and frequent knowledge about what happens in UE buffer. However, we are open to discuss enhancements in BSR/SR triggering when UTO-UCI is configured. 
[bookmark: _Toc149884228]gNB is aware of “overriding” events causing a CG TO that was previously indicated as “unused” would be needed by UE and will as soon as possible compensate the UE with a new DG TO. 
[bookmark: _Toc149884237]When UTO-UCI is configured, trigger a BSR if a TO indicated as “unused” would be needed based on current UE buffer.  

2.3.1	Data volume available for transmission 
The selection algorithm will at least need to be aware of how much data that is currently available for transmission. 
Therefore, we need to update the purpose of data volume reporting in RLC and PDCP from “for MAC buffer status reporting” to include “for the purpose of decision on future unused transmission opportunities” or change to “for the purpose of informing MAC entity of data volume available in PDCP/RLC. We propose:
[bookmark: _Toc149884238]The purpose of data volume calculation functionality in RLC is updated to say “for the purpose of informing the MAC entity of data volume available in RLC”. 
[bookmark: _Toc149884239]The purpose of data volume calculation functionality in PDCP is updated to say “for the purpose of informing the MAC entity of data volume available in PDCP”. 

2.3.2	Selection algorithm for UTO-UCI indication 
RAN1 have agreed that a TO that has been indicated as “unused” TO in an UTO-UCI at a later occasion cannot be used for transmission. While for TOs that has been indicated as “NOT unused” in a UTO-UCI can later be indicated as “unused” TO (which is like skip uplink functionality, while the UTO-UCI is sent earlier than the actual TO).
[bookmark: _Toc149884240]MAC entity shall consider all CG TOs indicated as “unused” as unavailable for transmissions. That is, no overriding for TOs that have been indicated as “unused”.
[bookmark: _Toc149884241]MAC entity is allowed to indicate a TO as “unused” even if it has previous been indicated as “used”.

There are many possible algorithms, the simplest useful algorithm is that the UE indicate as “used” the TOs needed to empty the current buffer, and future TOs are indicated as “unused”. 
This can be further improved by complementing with a timer:
A timer is started/re-started for each arrival of data that can be mapped on the CG TOs. While the timer is running the UE shall indicate a TO as “unused” if the earlier “used” TOs are enough to empty the buffer, otherwise the UE shall indicate the TO as “used”. When the timer expires, a TO not previously indicated as “unused” the UE shall indicate the TO as “used” (alternatively, the UE implementation may select to indicate as used or unused). 
With the timer and the number of TOs referenced by UTO-UCI has the purpose to capture expected arrival of next data burst. The period when the timer runs plus the time duration defined by UTO-UCI should preferable be less than or equal to the time between data arrivals. 
The timer algorithm is good if data arrives semi-periodically in bursts and all data in a burst arrive at the same time,. 
In Figure 1 we illustrates how the two timer algorithm operates, the green dashed box indicate the TOs that are indicated in the UTO of the TO just before the green dashed box, and for each alternative we show the UTO for the first two orange TOs after a data arrival that triggers the start of the data arrival timer. 

[image: ]
[bookmark: _Ref146714180]Figure 1: Illustration of the timer algorithm. 

We believe the extra control from adding a timer will be beneficial. 
[bookmark: _Toc149884242]The algorithm for selecting “used” or “unused” TOs in controlled by a timer CG_DATA_TIMER that is started/restarted for each time new data, that can be mapped to the CG TOs, becomes available for transmission in the UE buffer. While CG_DATA_TIMER is running the UE shall indicate a TO as “unused” if the earlier “used” TOs are enough to empty the buffer, otherwise the UE may indicate the TO as “used”. When the timer expires, a TO not previously indicated as “unused” the UE itself may choose between “used” or “unused”.
When UE reports “used” or “unused” based on UE buffer, the UE shall account for all grants the UE is aware of. 
[bookmark: _Toc149884243]When selection algorithm is based on UE buffer, the UE reports a TO as “unused” if all prior TOs available to UE, i.e. DG TOs and/or CG TOs of same or different CG configuration, are enough to empty UE buffer. The UE shall consider all possible causes for TOs being used or not, for example if configuredGrantTimer will be running or not. 
Text proposal for the timer algorithm:
If nrofBitsInUTO-UCI is configured for a configured grant configuration and the configured grant is activated: 
1>If UL data becomes available to the MAC entity for one or more logical channels which may be mapped on the configured grant according to the mapping restrictions as described in clause 5.4.3.1.2, 
2> start or re-start CG_DATA_TIMER
1> if CG_DATA_TIMER is running: 
2> UE indicates a TO associated with a bit in UTO-bitmap as unused if the TO is not needed to transmit the available data that may be mapped on the configured grant according to the mapping restrictions as described in clause 5.4.3.1.2
1> else (CG_DATA_TIMER is not running): 
1>a TO associated with a bit in UTO-bitmap that was previously indicated as unused is indicated as unused, otherwise the TO is indicated as unused or not-unused. 
NoteX: When UE determines a TO as “unused” or “used”, the UE considers all uplink grants available. 
[bookmark: _Toc149884244]Consider the text proposal above for the used/unused indications in UTO-UCI. 


2.3.3	Interaction between uplink skipping and UTO-UCI
In the running CR, a CG grant is only indicated to the HARQ entity for TOs that have not previously indicated as “unused”. 
However, for TOs previously indicated as “used” or not previously referenced by UTO-UCI the grant is indicated to the HARQ entity. The UTO-UCI is a new UCI that should be excluded in MAC procedure when UE is configured with enhancedSkipUplinkTxConfigured. That is, if UE is configured with UTO-UCI and is configured with enhancedSkipUplinkTxConfigured, the UE skips the grant if UE would skip the grant according to legacy procedure if UTO-UCI would not be present. 
[bookmark: _Toc149884245]For enhancedSkipUplinkTxConfigured, the UE skips the grant according to legacy proceedure considering UCI with UTO-UCI excluded.

Furthermore, a TO should be indicated as “unused” if the TO would be skipped according to legacy procedure if UTO-UCI would not be present in UCI when UE is configured with enhancedSkipUplinkTxConfigured. That is, if UE is configured with enhancedSkipUplinkTxConfigured and the PUSCH on the TO would include UCI other than UTO-UCI then the UE indicate the TO as “used”. 
[bookmark: _Toc149884246]For enhancedSkipUplinkTxConfigured, the UE indicate a TO as
· [bookmark: _Toc149884247]“unused” if the TO would be skipped when considering UCI with UTO-UCI excluded and 
· [bookmark: _Toc149884248]“used” if the UCI comprises UCI other than UTO-UCI. 

[bookmark: _Toc70424553][bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The new RRC parameter names shall be coordinated between the RRC spec and the MAC spec.
Observation 2	If the procedural text “2> set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;” is reached for invalid grants, there is ambiguity in UE behaviour, some UEs may drop the grant before obtaining an MAC PDU and some UEs may not.
Observation 3	The above formulation avoids the need to introduce a new concept of “CGs available for use”.
Observation 4	Dynamic indication of unused CG will only lead to XR capacity gains if UE reports a TO as “unused” early enough so that gNB can allocate unused resources to other UEs.
Observation 5	gNB has the intention to serve all UEs with enough resources.
Observation 6	If some UEs tend to be too “greedy”, resources get wasted and all UEs will suffer.
Observation 7	Specified rules for UTO-UCI reporting brings fairness between UEs and predictability for gNB.
Observation 8	If the UEs do not correctly indicate unused TOs, the gNB cannot reuse the resources for other users and will therefore not overprovision CG resources and the UTO-UCI feature will never be used.
Observation 9	The best selection algorithm for unused TOs may be affected by the system load, the QOS requirements, traffic behaviour, mix of UEs or on the priorities of different UEs, that is, on information that is not available to an individual UE.
Observation 10	gNB is aware of “overriding” events causing a CG TO that was previously indicated as “unused” would be needed by UE and will as soon as possible compensate the UE with a new DG TO.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In MAC spec, change numberOfPUSCH-PerPeriod to the RRC parameter name nrofSlotsInCG-Period.
Proposal 2	Describe the “available for use” TOs in section 5.8.2 instead of 5.4.1.
Proposal 3	In 5.8.2, adopt the text proposal below for valid transmission opportunities:
Proposal 4	In 5.4.1, remove all changes to the sentence “For each Serving Cell and each configured uplink grant, if configured and activated and available for use, the MAC entity shall:”.
Proposal 5	In 5.8.2, change the sentence  “If the MAC entity determines that a configured uplink grant is going to be unused for PUSCH transmission, it sends an indication to lower layers about this decision.” to  “The MAC entity determines whether configured uplink grant occurrences are going to be unused or not and indicate the unused occurrences to lower layers.”.
Proposal 6	The network controls the UE algorithm for selecting unused TOs that are indicated in the UTO-UCI.
Proposal 7	The MAC selection algorithm for UTO-UCI is described in a new section, for example 5.8.2x or 5.4.x.
Proposal 8	MAC layer indicates, to lower layers, the future transmission opportunities that shall be unused and that shall be indicated as unused in the UTO-UCI.
Proposal 9	When UTO-UCI is configured, trigger a BSR if a TO indicated as “unused” would be needed based on current UE buffer.
Proposal 10	The purpose of data volume calculation functionality in RLC is updated to say “for the purpose of informing the MAC entity of data volume available in RLC”.
Proposal 11	The purpose of data volume calculation functionality in PDCP is updated to say “for the purpose of informing the MAC entity of data volume available in PDCP”.
Proposal 12	MAC entity shall consider all CG TOs indicated as “unused” as unavailable for transmissions. That is, no overriding for TOs that have been indicated as “unused”.
Proposal 13	MAC entity is allowed to indicate a TO as “unused” even if it has previous been indicated as “used”.
Proposal 14	The algorithm for selecting “used” or “unused” TOs in controlled by a timer CG_DATA_TIMER that is started/restarted for each time new data, that can be mapped to the CG TOs, becomes available for transmission in the UE buffer. While CG_DATA_TIMER is running the UE shall indicate a TO as “unused” if the earlier “used” TOs are enough to empty the buffer, otherwise the UE may indicate the TO as “used”. When the timer expires, a TO not previously indicated as “unused” the UE itself may choose between “used” or “unused”.
Proposal 15	When selection algorithm is based on UE buffer, the UE reports a TO as “unused” if all prior TOs available to UE, i.e. DG TOs and/or CG TOs of same or different CG configuration, are enough to empty UE buffer. The UE shall consider all possible causes for TOs being used or not, for example if configuredGrantTimer will be running or not.
Proposal 16	Consider the text proposal above for the used/unused indications in UTO-UCI.
Proposal 17	For enhancedSkipUplinkTxConfigured, the UE skips the grant according to legacy proceedure considering UCI with UTO-UCI excluded.
Proposal 18	For enhancedSkipUplinkTxConfigured, the UE indicate a TO as
-	“unused” if the TO would be skipped when considering UCI with UTO-UCI excluded and
-	“used” if the UCI comprises UCI other than UTO-UCI.
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