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Introduction
RAN1 has informed RAN2 of the Rel-17 RAN1 UE feature list [2] and its respective RRC parameters [4] in two LS’s. UE features and RRC/L1 parameters for NR_IIOT_URLLC_enh are part of that list. In addition, an initial version of Rel-17 RAN1 CRs [1] was approved at RAN#94e. Based on this input, RAN2 should assess whether additional changes are needed for IIoT/URLLC in Rel-17. 
On a related note, there was a discussion on the RAN2 reflector about a potential impact that HARQ deferral may have on the DRX timers, and that the MAC specification may need to consider those changes from RAN1. 
Another aspect is related to the One-shot HARQ ACK request. RAN2 already discussed the One-shot HARQ ACK request over the last two meetings [8]-[11] in Rel-16, and the topic was assumed to be potentially suitable for TEI17. However, given the full set of Rel-17 RAN1 features, the One-shot HARQ ACK request may be better considered together with other Rel-17 features in a common fashion. A number of other/new RAN1 features can be combined with One-shot HARQ-ACK requests for type 3 HARQ-ACK codebook. RAN2 should review how to consolidate those features in the specification also given the possible interaction or combinations between them. 
Table 1 provides an overview of simultaneous configurations for the sub-features defined for HARQ enhancements in Rel-17. Combinations marked in yellow are not finalized or may be subject to different understandings in RAN1. 
	
	SPS HARQ deferral
	Enhanced Type-3 HARQ-ACK codebook
	HARQ retransmission Type1/2 codebook
	Semi-static PUCCH carrier switching
	Dynamic PUCCH carrier switching

	SPS HARQ deferral
	
	supported
	no conclusion yet
	supported
	not supported

	Enhanced Type-3 HARQ-ACK codebook
	
	
	not supported
	supported
	supported

	HARQ retransmission Type1/2 codebook
	
	
	
	supported
	supported

	Semi-static PUCCH carrier switching
	
	
	
	
	not supported

	Dynamic PUCCH carrier switching
	
	
	
	
	


Table 1: Simultaneous configuration of Rel-17 HARQ enhancements
This contribution discusses the new RAN1 features specifically with an emphasis on DRX timers in Rel-17. 

Discussion
This section discusses new HARQ feedback enhancement features introduced by RAN1, which may impact the DRX timer handling in Rel-17. 
SPS PDSCH HARQ-ACK deferral
In Rel-15/16, a PUCCH carrying SPS HARQ feedback is dropped if it collides with a DL symbol on a TDD carrier. If the SPS periodicity does not match the periodicity of DL/UL partition, then some occasions for PUCCH carrying SPS HARQ feedback can inevitably collide with DL symbols. This deficiency has been addressed in Rel-17 such that the SPS HARQ feedback can be deferred to a later slot. As a result, dropping of SPS HARQ-ACK on a TDD carrier can be avoided. 
In Rel-17, SPS HARQ-ACK is deferred only if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid. SPS HARQ ACK deferral is triggered after UCI multiplexing. RAN2 concluded in Rel-16 that MAC is not aware of the result of the UCI multiplexing. The resulting second PUCCH is based on the original PUCCH configured for SPS HARQ that collides with “DL symbols”. We assume that the sub-feature is largely transparent to MAC. 
For SPS HARQ-ACK deferral, the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits of the Type 1 or Type 2 codebook in the target PUCCH slot. The feature only applies to HARQ-ACK codebooks of type 1 or type 2. SPS HARQ-ACK deferral is described in section 9.2.5.4 of [6], further information is available in [3] and [5].
Observation 1: If SPS HARQ ACK is deferred, the corresponding HARQ-ACK happens in a PUCCH on a later slot. SPS HARQ-ACK deferral is triggered after UCI multiplexing and is largely transparent to MAC. 
Strictly speaking the DRX timer handling in case of a deferred SPS HARQ-ACK might be understood as already covered by the current text in TS 38.321, which refers the ‘corresponding transmission carrying the DL HARQ feedback’. 
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.

For clarity, RAN2 can add a note to provide additional context. We are open to clarify the behavior in a note if other companies think this is necessary. A text proposal with a note is given in [14]: 
NOTE X: When the HARQ feedback is subject to SPS HARQ-ACK deferral as specified in TS 38.213 [6], the corresponding transmission carrying the DL HARQ feedback occurs in a PUCCH resource with a PUCCH transmission in a later slot.
Proposal 1: RAN2 to discuss whether the MAC specification needs to be extended with a note, e.g., to clarify that for SPS HARQ-ACK deferral the corresponding transmission carrying the DL HARQ feedback occurs in a PUCCH resource with a PUCCH transmission in a later slot.

PUCCH cell switching
PUCCH carrier switching (aka PUCCH cell switching) helps reduce UCI or HARQ feedback latency for inter-band TDD as UCI can be sent on a different PUCCH carrier in an earlier PUCCH occasion. PUCCH carrier switching applies between two TDD cells with PUCCH configured on the NUL carrier in Rel-17. The feature comes in two flavors, semi-static (periodic) PUCCH carrier switching and dynamic PUCCH carrier switching. Only one of the two flavors is meant to be configured at a time.
The first type of PUCCH carrier switching uses a semi-static (periodic) pattern for the carrier switching. Semi-static PUCCH carrier switching operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies. Semi-static PUCCH cell switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. It can be simultaneously configured with SPS HARQ-ACK deferral (that is, for DL SPS), and it can also apply in combination with HARQ-ACK codebook of type 1/2/3 (e.g., HARQ-ACK codebook retransmission and usage of Type-3 HARQ-ACK codebook).
The second type of PUCCH carrier switching is based on a dynamic indication in a DCI format scheduling a PUCCH. This type of PUCCH carrier switching is applicable to HARQ-ACK only. Dynamic PUCCH cell switching can be combined with HARQ-ACK codebook of type 1/2/3. In particular, DCI format 1_1/1_2 has been extended with a ‘PUCCH Cell Indicator’, the dynamic PUCCH target carrier indication applies to:
· HARQ-ACK for a PDSCH dynamically scheduled by a DCI
· HARQ-ACK corresponding to the first SPS PDSCH activated by activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· HARQ-ACK corresponding to SCell dormancy indication without scheduling a PDSCH
· Rel-16 Type 3 HARQ-ACK codebook (One-shot HARQ-ACK request) 
· Rel-17 Enhanced Type 3 HARQ-ACK codebook
· Rel-17 HARQ-ACK codebook retransmission based on the indication in the triggering DCI
A description of PUCCH cell switching can be found in [6] and [7], further information is available in [3] and [5]. 
Observation 2: If PUCCH cell switching is applied, the corresponding HARQ-ACK happens on a different PUCCH carrier. Apart from the RRC configuration, PUCCH cell switching appears transparent to MAC. 
The impact of PUCCH cell switching on MAC DRX timer operation is in principle already covered by the current text in TS 38.321, which refers the ‘corresponding transmission carrying the DL HARQ feedback’. However, similar to SPS HARQ-ACK deferral the behavior could be clarified with more context in a note. The additional context could be structured in two different notes, one for configured downlink assignments / SPS HARQ-ACK deferral simultaneously configured with semi-static PUCCH cell switching, and one for cases where the PDCCH is monitored. 
A text proposal with two notes is given in [14]. NOTE Y is for configured downlink assignments and NOTE Z is for cases where the UE monitors the PDCCH. 
NOTE Y: When the UE is configured with a periodic cell switching pattern for PUCCH transmissions as specified in TS 38.213 [6], the corresponding transmission carrying the DL HARQ feedback can happen on a different PUCCH cell.
NOTE Z: When PUCCH cell switching is configured as specified in TS 38.213 [6], the corresponding transmission carrying the DL HARQ feedback can happen on a different PUCCH cell.
Proposal 2: RAN2 to discuss whether the MAC specification needs to be extended with one/two notes, e.g., to clarify that for PUCCH cell switching the corresponding transmission carrying the DL HARQ feedback occurs in a PUCCH resource on a different component carrier.

HARQ-ACK codebook retransmission on a PUCCH resource
In Rel-17, a HARQ-ACK codebook retransmission can be explicitly requested in a one-shot manner. The triggering of a HARQ-ACK retransmission is indicated by a DCI format that does not schedule a PDSCH reception [6][7]. 
The feature can be used if the UE reports a UE capability for FG 25-7 (Triggered HARQ-ACK codebook re-transmission) in which case the gNB can configure, e.g., pdsch-HARQ-ACK-retx through RRC signalling. The gNB indicates a request for HARQ-ACK codebook retransmission in a new DCI field through DCI format 1_1/1_2. This type of HARQ-ACK retransmission is applicable to HARQ-ACK codebook type-1 and type-2. In other words, the HARQ-ACK retransmission cannot be combined with a request for enhanced Type 3 HARQ-ACK codebook. The HARQ-ACK codebook retransmission request is therefore specific to one HARQ process only.
The current MAC specification does not include a paragraph for a case where the PDCCH indicates a request without scheduling a DL transmission. Following reception of the HARQ-ACK retransmission indicator on the DCI, the DRX HARQ RTT timer needs to be started or restarted in the first symbol after the end of the corresponding transmission carrying the (retransmitted) DL HARQ feedback. Therefore, something needs to be captured in the MAC specification for this case. 
A description of HARQ-ACK codebook retransmission can be found in [6] and [7], further information is also available in [3] and [5]. 
Observation 3: If HARQ-ACK codebook retransmission is applied, the UE retransmits the HARQ-ACK codebook from an earlier PUCCH slot on a different PUCCH resource. HARQ-ACK codebook retransmission impacts the DRX timer handling in MAC. 
There are two immediate options to extend the specification: the HARQ-ACK retransmission request may be captured in a separate paragraph or combined with the existing paragraph for “PDCCH indicates a DL transmission”. For best clarity in the specification, a HARQ-ACK retransmission request may be captured in a separate paragraph rather than combined with the existing paragraph for “PDCCH indicates a DL transmission” (although in a concise version, the latter may be possible as well). 
A text proposal for each of the variants above is given in [14]. 
The high-level approach of TP1 is to extend in TS 38.321 clause 5.7 the existing paragraph for “PDCCH indicates a DL transmission” to include the case where the PDCCH indicates a HARQ-ACK retransmission without scheduling a DL transmission.
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Figure 2: Text Proposal in TP1
The high-level approach of TP2 is to add in TS 38.321 clause 5.7 (DRX group is in Active Time) a new paragraph to treat the case where the PDCCH indicates a HARQ-ACK retransmission without scheduling a DL transmission.
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Figure 3: Text Proposal in TP2
Proposal 3: RAN2 to discuss how to capture the impact of HARQ-ACK codebook retransmission on the DRX timers in the MAC specification.

One-shot HARQ-ACK request and Enhanced Type 3 HARQ-ACK codebook report
In Rel-16 NR-U, the Type 3 HARQ-ACK codebook was introduced where the gNB can request the UE to send a HARQ-ACKs in a single codebook for all HARQ processes and all configured cells by a one-shot trigger. 
RAN2 discussed an extension of the Rel-16 handling of One-shot HARQ-ACK requests over the last two RAN2 meetings. The following was accepted as a summary of the discussion at RAN2#116e.
[006] There is support in R2 to specify in Rel-17 enhanced handling of one-short HARQ feedback request, to as baseline support that the UE, upon reception of a one-shot HARQ feedback request, starts a drx-HARQ-RTT-TimerDL in the first symbol after the end of the request. FFS if a new drx-HARQ-RTT-TimerDL separate for one-shot HARQ feedback or select one drx-HARQ-RTT-TimerDL corresponding to one of the HARQ processes configured for uplink.

Rel-17 extends the handling of one-short HARQ-ACK requests [1]-[7] and introduces enhancements over Rel-16 Type 3 codebook to reduce feedback overhead. To support transmission of only part or all of the HARQ-ACKs for different reasons, multiple Enhanced Type 3 HARQ-ACK codebooks can be configured for a UE.
One Enhanced Type 3 HARQ-ACK codebook is RRC configured either as:
· a subset of CC, i.e., all HARQ processes of the subset of CCs are part of the codebook; or
· a subset of configured HARQ processes per CC, i.e., different subsets of HARQ processes can be configured for each CC.
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Subject to a UE capability and gNB configuration up to 8 enhanced Type 3 HARQ-ACK codebooks can be defined which can be dynamically requested on the DCI together with or as One-Shot HARQ-ACK. 
It needs to be discussed how the Rel-17 enhancements work together with the anticipated RAN2 changes (or options thereof) for Rel-16 One-short HARQ-ACK discussed over the last two RAN2 meetings, and whether RAN2 needs to specify anything for the Rel-17 enhancements introduced by RAN1. 
A description of the Rel-17 Type 3 HARQ-ACK enhancements can be found in [6] and [7], additional information is available in [3] and [5]. 
The One-short HARQ-ACK request with numerical K1 without scheduling PDSCH reception and the Enhanced Type HARQ are not currently defined in the MAC specification. 
Observation 4: RAN1 introduced an Enhanced Type 3 HARQ-ACK codebook in Rel-17. To make good use of the enhancements RAN2 should at least capture the impact on the DRX timers. 
Two main cases of Type-3 HARQ-ACK codebook exist:
1) A One-shot HARQ-ACK request can be given with scheduling a PDSCH
2) A One-shot HARQ-ACK request can be given without scheduling a PDSCH
The Rel-17 text in section 9.1.4 of [6] explicitly states that a One-shot HARQ-ACK request / Enhanced Type 3 HARQ-ACK codebook can be indicated in a DCI format scheduling PDSCH reception (case 1) or a DCI format for a Type-3 HARQ-ACK codebook report that does not schedule a PDSCH reception (case 2).
According to TS 38.213 [6], the two cases are to be seen with following additional constraints:
a. When a One-shot HARQ-ACK request is given on the DCI, the PDSCH-to-HARQ_feedback timing indicator field must not provide an inapplicable value from dl-DataToUL-ACK-r16. In other words, a numerical K1 has to be indicated along with a One-shot HARQ-ACK request.
b. If the DCI indicates a non-numerical K1 then a One-shot HARQ request can come in a later DCI. The typical case is to provide a first DCI scheduling a PDSCH (with non-numerical K1) followed by a second DCI not scheduling a PDSCH giving the timing for the HARQ-ACK in a numerical K1. This is captured in the MAC specification but the exact treatment of DRX timers (for all the HARQ processes associated with the One-shot HARQ-ACK) is not clearly defined. 
c. Other combinations of case 1), 2) and non-numerical / numerical K1 are possible as well. This follows from TS 38.213 clause 9.1.4, in fact the Rel-17 text makes case 1) more clear. For example, only a first DCI not scheduling a PDSCH is possible, or a case where only the second DCI schedules a PDSCH may happen.
For case 1), one could say this case is already handled in the current MAC specification. Here the specification refers a corresponding HARQ process. However, the One-shot HARQ ACK applies to multiple HARQ processes while the PDCCH that “indicates a DL transmission” is for a specific HARQ process only. 
Observation 5: A Type-3 HARQ-ACK codebook can be requested together with a DCI format scheduling PDSCH reception. The current text for “PDCCH indicates a DL transmission” does not specify which HARQ processes are corresponding to the Type-3 HARQ-ACK codebook report. 
Observation 6: The current specification does not include text for a DCI without scheduling a PDSCH either.
It was shown in the RAN2#1116e email discussion [10] that a start of HARQ RTT timers for all HARQ processes is not necessarily ideal for One-shot HARQ-ACK. Thus, if RAN2 wants to handle case 1), either we accept the ambiguity on ‘corresponding HARQ processes’ as it exists in the specification today or RAN2 specifies what is a corresponding HARQ process. Likewise case 2) can follow a similar pattern. The option to treat both case 1) and case 2) in the same paragraph (using ‘corresponding HARQ processes’) was already proposed in R2#115e [15] and did not get agreed [11].
Given the multiple options in which a One-shot HARQ-ACK request can be indicated or combined with, it seems best to specify the treatment of One-shot HARQ-ACK in a separate paragraph. This avoids referencing the case with/without scheduling a PDSCH and also avoids duplicating the definition of what is a corresponding HARQ process (out of the HARQ processes associated with the One-shot HARQ-ACK). 
Following the email discussion in R2#116e [10], as indicated above, RAN2 should aim to extend the specification for One-shot HARQ-ACK in Rel-17. What to specify might follow the approach from RAN2#116e or potentially an extended version. In addition, there is the proposal from Ericsson to rely on a separate DRX HARQ RTT and DRX retransmission timer for One-shot HARQ-ACK, which is actually the cleanest approach.
Two text proposals to specify One-shot HARQ-ACK / enhanced Type 3 HARQ-ACK codebooks are given in [14], where TP1 is our preference. 
High-level approach of Text Proposal 1
· Introduce a separate DRX HARQ RTT timer DL and DRX retransmission timer DL, for the sole purpose of Type-3 HARQ-ACK codebook / One-shot HARQ-ACK requests and not linked to any HARQ processes.
· Capture the behavior in a paragraph dedicated to One-shot HARQ-ACK / Enhanced Type-3 HARQ-ACK codebook. The paragraph is also common to cases both with and without scheduling PDSCH reception.
High-level approach of Text Proposal 2
· Capture the behavior in a paragraph dedicated to One-shot HARQ-ACK / Enhanced Type-3 HARQ-ACK codebook. The paragraph applies to cases both with and without scheduling a PDSCH.
· Selectively start or restart DRX HARQ RTT timer DL and DRX retransmission timer DL for only a subset of HARQ processes (i.e., the ones that matter the most).
Proposal 4: RAN2 to specify Type-3 HARQ-ACK in a separate paragraph. The TPs in [14] can serve as a baseline.

Text Proposals
Two TPs are provided in [14]. Each TP includes a set of potential changes to TS 38.321 based on recent input from RAN1 [1] for Rel-17. 
As for the handling of One-shot HARQ-ACK requests, TP1 extends Ericsson’s approach originally captured as Option 5 in [8] with some modifications to accommodate the Rel-17 changes from RAN1. In addition, we propose to apply the paragraph for all cases both with and without scheduling a PDSCH to enable a common definition.
For TP2, the option to start or restart HARQ RTT timers of multiple HARQ processes in a loop contributes to UE processing load. Moreover, there is a risk for the UE and the gNB to end up with a different understanding of the DRX timer status for some of the involved HARQ processes (e.g., in corner cases). 
TP1 avoids both of these drawbacks and is preferred.
TP2 is nevertheless included for completeness and as a follow-up on the One-shot HARQ-ACK discussion based on the conclusions from the last RAN2 meeting [10][13]. 
NOTE Z in TP1 was consolidated at a single location (for conciseness) while it actually applies to three different locations. For comparison, TP2 captures the exact three locations that NOTE Z applies to. We are open to discuss where to place this note, e.g., in case it is deemed necessary to be included in the specification. 
It should be noted that the extension “as specified in TS 38.213 [6]” may still be added to the new conditions in subclause 5.7. However, for consistency with the existing specification text such a reference is not currently given because the new conditions refer to indications given on the DCI where also the existing specification does not have a such a reference. 

Conclusions
This contribution discusses new RAN1 features specifically with an emphasis on DRX timers in Rel-17. We have the following observations and proposals:
Observation 1: If SPS HARQ ACK is deferred, the corresponding HARQ-ACK happens in a PUCCH on a later slot. SPS HARQ-ACK deferral is triggered after UCI multiplexing and is largely transparent to MAC. 
Proposal 1: RAN2 to discuss whether the MAC specification needs to be extended with a note, e.g., to clarify that for SPS HARQ-ACK deferral the corresponding transmission carrying the DL HARQ feedback occurs in a PUCCH resource with a PUCCH transmission in a later slot.
Observation 2: If PUCCH cell switching is applied, the corresponding HARQ-ACK happens on a different PUCCH carrier. Apart from the RRC configuration, PUCCH cell switching appears transparent to MAC. 
Proposal 2: RAN2 to discuss whether the MAC specification needs to be extended with one/two notes, e.g., to clarify that for PUCCH cell switching the corresponding transmission carrying the DL HARQ feedback occurs in a PUCCH resource on a different component carrier. 
Observation 3: If HARQ-ACK codebook retransmission is applied, the UE retransmits the HARQ-ACK codebook from an earlier PUCCH slot on a different PUCCH resource. HARQ-ACK codebook retransmission impacts the DRX timer handling in MAC. 
Proposal 3: RAN2 to discuss how to capture the impact of HARQ-ACK codebook retransmission on the DRX timers in the MAC specification. 
Observation 4: RAN1 introduced an Enhanced Type 3 HARQ-ACK codebook in Rel-17. To make good use of the enhancements RAN2 should at least capture the impact on the DRX timers. 
Observation 5: A Type-3 HARQ-ACK codebook can be requested together with a DCI format scheduling PDSCH reception. The current text for “PDCCH indicates a DL transmission” does not specify which HARQ processes are corresponding to the Type-3 HARQ-ACK codebook report. 
Observation 6: The current specification does not include text for a DCI without scheduling a PDSCH either.
Proposal 4: RAN2 to specify Type-3 HARQ-ACK in a separate paragraph. The TPs in [14] can serve as a baseline.
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1> if a DRX group is in Active Time:
2> monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];

2> if the PDCCH indicates a DL transmission or indicates a HARQ-ACK retransmission without scheduling a
DL transmission:

3> start the grx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end
of the corresponding transmission carrying the DL HARQ feedback;

NOTE 3: When HARQ feedback is postponed by PDSCH-to-HARQ__ feedback timing indicating a non-numerical
k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL
HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback.

3> stop the drx-RetransmissionTimerDL for the corresponding HARQ process.

3> if the PDSCH-to-HARQ_ feedback timing indicate a non-numerical k1 value as specified in TS 38.213
[6]:

4> start the drx-RetransmissionTimerDL in the first symbol after the (end of the last) PDSCH
transmission (within a bundle) for the corresponding HARQ process.
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2> if the PDCCH indicates a HARQ-ACK retransmission without scheduling a DL transmission:

3> start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end
of the corresponding transmission carrying the DL HARQ feedback;

3> stop the drx-RetransmissionTimerDL for the corresponding HARQ process.





image3.png
pdsch-HARQ-ACK-
enhType3perCC

Configure the one enhanced Type 3 HARQ-ACK
codebook using per CC configuration

(1..maxNrofServingCells)
of Integer (0,1)

pdsch-HARQ-ACK-
enhType3perHARQ

Configure the one enhanced Type 3 HARQ-
ACK codebook using a per HARQ process
and CC configuration

(1..maxNrofServingCell
s) of Bit String (Size
(16))

HPIDO
HPID 1
HPID2
HPID 3
HPID 4
HPID S
HPID6
HPID7
HPID 8
HPID9
HPID 10
HPID 11
HPID 12
HPID 13
HPID 14
HPID 15

HPID O
HPID 1
HPID 2
HPID 3.
HPID 4.
HPID S,
HPID 6
HPID 7.
HPID8
HPID 9
HPID 10
HPID 11
HPID 12
HPID 13
HPID 14
HPID 15

enhanced Type 3 HARQ-ACK CBs

II

1 w2

«

cca

cca





