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1. Introduction
This document is to trigger the following email discussion regarding how to capture the repetition aspects and slot aggregation in HARQ in MAC spec, and to provide proposals and a potential CR to TS 38.321 to address the issues.
[NR-AH1801#15][NR UP MAC] Repetition aspects – Huawei 
-	Capture repetition aspects and slot aggregation in HARQ
-	Intended outcome: Email discussion report
-	deadline before next meeting =>Monday 2018-02-12
[bookmark: OLE_LINK206][bookmark: OLE_LINK205]
2. Discussion

[bookmark: OLE_LINK236]2.1 Flexible initial transmission for configured grant
[bookmark: OLE_LINK238][bookmark: OLE_LINK237]In RAN1#91 meeting, with respect to configured grant transmissions, there were discussions on the issue that “the starting transmission occasion of initial transmission of the K repetition of a TB within a period P”. As illustrated in the Figure 1 in [1],  it was proposed that the initial transmission of the K repetitions of a TB can start any “specified” configured transmission occasion within a period P based on arrival of data in the UE buffer, and repetitions end at the last transmission occasion within the period P. It is beneficial for latency reduction of URLLC packet. When a packet arrives right after the first transmission occasion within the period P, i.e. the first transmission occasion has been missed, the UE can initiate transmission on the next transmission occasion within the period thereby reducing the latency. Otherwise, the UE has to wait for the next first transmission occasion within the next period.
[image: ]
Figure 1. Starting transmission occasion of initial transmission of the K repetition of a TB within a period P

After RAN1 email discussion, it is noted that the following agreements were made for configured grant Type 1 and 2 [2],

Agreements:
· The n-th transmission occasion of a K repetitions is associated with the (mod(n-1,4)+1)-th value in the configured RV sequence {RV1, RV2, RV3, RV4}, where n=1, 2, …, K.
· For RV sequence {0, 2, 3, 1},
· The initial transmission of a TB shall start at the first transmission occasion of the K repetitions.
· For RV sequence {0, 3, 0, 3},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.
· (working assumption) For RV sequence {0, 0, 0, 0},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions when K=1, 2 or 4;
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions, exceptthe last transmission occasion when K=8.
· For any RV sequence, repetition end at the last transmission occasion within the period P.
· Note: The transmission occasion (TO) refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period.
· FFS: interaction with SFI

In last RAN2#NR1801, there were some relevant contributions to address the issue, and we agreed that 
=>	We will capture the RAN1 agreement
Then, the rapporteur thinks that we need to decompose the feature and RAN1 agreements by proposing several questions in order to capture the RAN1 agreement well in MAC without any ambiguity. 
According to RAN1 agreements, it is clear that some restriction/criteria are specified for possible transmission occasion(s) for initial transmission within a period P, which is based on configured RV sequence and repetitions K. The rapporteur thinks firstly we need to address the issue which spec to capture the restriction. In summary, there are two possible options to capture the restriction/criteria, either in TS 38.321 or TS 38.214. 
· Option 1: To capture the restriction/criteria in TS 38.321 [3], as follows,
The MAC entity only consider the transmission occasion that are associated with RV=0 as valid, except for the last transmission occasion within each period when K=8 with configured RV sequence {0, 2, 3, 1} or {0, 0, 0, 0}.
· Option 2: To capture the restriction/criteria in TS 38.214 and MAC spec refers to TS 38.214 for determination of possible transmission occasions for initial transmission within a period P [4] [5], as follows,
[bookmark: OLE_LINK123][bookmark: OLE_LINK124]… restriction to the initial transmission of a TB in section 6.1.2.3 of [xx, TS 38.214] in case that the repetition is configured; 

Question 1: 
· [bookmark: OLE_LINK125][bookmark: OLE_LINK126]Which spec to capture the restriction/criteria of possible transmission occasion for initial transmission within a period, do you prefer Option 1 or Option 2?
	Company
	View

	CATT
	Option 1 with a slightly different wording:
- “The MAC entity only considers as valid for initial transmission the transmission occasions that are associated with RV=0, except…”
- We don’t understand why the configured RV sequence {0, 2, 3, 1} is mentioned here

	LG
	Option 2. The occasion for initial transmission depends on RV pattern, which seems to be RAN1 area. 

	Huawei
	Option 1. To address the concern from CATT, for RV sequence {0,2,3,1}, RAN1 agreed only the first TO can be used for initial transmission. Then when K is configured to be 8, the second/last TO with RV = 0 cannot be used for initial transmission. 

	Nokia
	There was already text in 38.214 about which ones can be used for initial transmission. Should avoid duplicating text which would increase errors and maintenance effort.

	ZTE
	Option 2. Since it has already been clearly captured in 38.214, we think we can simply refer to it.

	Xiaomi
	Option 2. RAN2 can simply mention where it refers to.

	OPPO
	Option 2.

	Samsung
	Option 2: we understand that TS 38.214 already captures the restriction.

	Ericsson
	In Section 6.1.2.3 of TS 38.214, a clear description on the UE behavior with regards to the starting point in a bundle is captured. It is sufficient to refer to this Section in MAC to avoid duplicated descriptions in both RAN1 and RAN2 spec. In order to understand the full impact of this feature a complete TP encompassing all the aspects would be preferred.

	Intel
	Option 2. This kind of restriction is more appropriate in a RAN 1 document

	MediaTek
	Option2: The behaviour is already specified in 38.214.

	ITRI
	Option 2. MAC spec just needs to refer to TS 38.214. 

	Qualcomm
	Option 2. Since this restriction for TO is a RAN1 design issue and is specified in TS 38.214, there is no point to duplicate the text in the MAC spec. And in the case when RAN1 changes the design, there would be no impact on the MAC spec.



Majority of companies agrees that MAC spec just need to refer to TS 38.214 to derive the restriction. The rapporteur thinks that, it is reasonable to avoid duplicated descriptions on RAN1 and RAN2 spec.
Proposal 1: MAC spec just needs to refer to RAN1 spec with regards to the restrictions of possible transmission occasion for initial transmission within a bundle.

Then, the rapporteur thinks that we need to discuss how to capture the selection of transmission occasion by the UE in the MAC spec. In general, three potential options can be classified as follows based on [3] [4] [6] [7].
· Option 1: To capture the selection of transmission occasion by the UE into the procedure new transmission to obtain a MAC PDU to transmit. An exemplary TP is given to subclause of 5.4.2.1 as follows,
4>	obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any,  according to the restriction to the initial transmission of a TB in case that the repetition is configured; 
Or a more detailed description as
4>	identify all possible starting transmission occasions of the K repetitions for initial transmission of a TB. 
	5>	For each identified starting transmission occasions, obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any, until a MAC PDU is obtained, or no MAC PDU is obtained until the last starting transmission occasion.
· Option 2: To put a note in subclause of 5.8.2 indicating that the UE can initiate transmission of a TB from the possible transmission occasions according to the restriction. An exemplary TP is given to subclause of 5.8.2 as follows,
The UE can initiate transmission of a TB starting from one of the transmission occasions according to criteria….
· Option 3: To model that each possible transmission occasion is configured with a configured grant as the first one calculated by the UE within a period P. Once a MAC PDU is obtained and transmitted, the configuredGrantTimer will be started thereby prohibiting the following configured grants within a period P from delivering to HARQ entity.  An exemplary TP is given to subclause of 5.4.1 as follows,
The MAC entity shall consider that each identified transmission occasions is also configured with a configured grant according to the restriction.
[bookmark: OLE_LINK138][bookmark: OLE_LINK240][bookmark: OLE_LINK139][bookmark: OLE_LINK239]
Question 2: 
· Regarding how to capture the selection of transmission occasion by the UE, which option do you prefer among Option 1, 2 and 3?
· In case you prefer 1 or 2, do you think it is necessary to clarify “a configured grant may consist of multiple transmission occasions within a bundle” in subclause of 5.8.2 [7]?
· In case you have other choice than above Options, please provide your suggested SHORT TP in the column view.
	Company
	View

	CATT
	Option 3, since only the initial transmission of a bundle is delivered by the UL Grant reception procedure to the HARQ entity (with toggled NDI), and we think it should be captured as follows in Section 5.4.1:
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
1> if the ConfiguredGrantTimer for the corresponding HARQ process is not running:
2> if the associated RV equals 0 and the configured grant is not the last transmission occasion of a repetition bundle when repK =8
23>	consider the NDI bit for the corresponding HARQ process to have been toggled;
23>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


	LG
	For repetition transmission, we already have a text saying "Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to repK.". Prior to this sentence, we could add a sentence saying "Within a bundle, initial transmission can be performed according to the section 6.1.2.3 of [xx, TS 38.214]. Within a bundle, other than the initial transmission, HARQ retransmissions are performed"

	Huawei
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 3, Actually Option 1 is also feasible in our understanding. Both Option 3 and Option 1 can clearly demonstratehow “flexible initial transmission” works with MAC PDU assembly.Even if the UE is not expected to perform “flexible initial transmission”, NW can configured {0,2,3,1} to the UE without any impact on the whole procedure. The reason why we tend to prefer Option 3 is that it doesn'timpact much on the procedure of UL HARQ entity. Regarding CATT’s proposal, as replied in Q.1, we believe the exceptional case of “{0,2,3,1} with K=8” is missing.

	Nokia
	Each individual repetition is considered as separate configured grant, some can be used for initial transmission and some can only be used for retransmission. 
For the ones that can be used initial transmission, it should be captured in the procedure as one of the conditions the MAC entity obtains the MAC PDU to transmit from the "Multiplexing and assembly" entity if not already obtained a PDU for that bundle.
e.g.

1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response; or
2> if the uplink grant was a repetition grant that can be used for initial transmission [38.214] and there has not been any MAC PDU obtained for the bundle:
3>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:
4>	obtain the MAC PDU to transmit from the Msg3 buffer.
3>	else:
4>	obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any;


	ZTE
	Option 2 similar way. We think the option 2 similar description is sufficient but the text should be captured in normative text instead of a NOTE.

	Xiaomi
	Detailed description in option 1, i.e. "For each identified starting transmission occasions, obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any, until a MAC PDU is obtained, or no MAC PDU is obtained until the last starting transmission occasion.". Because currently RAN2 spec is not clear enough to indicate that UE shall try to obtain MAC PDU for every possible starting transmission occasions (option 2 fails to convey this meanning), and shall stop trying obtaining MAC PDU once it is acquired (Option 3 fails to convey this meanning). 

	OPPO
	We prefer to capture it in 5.4.2.1:

When repetition is configured with repK >1, the parameter repK provides the number of repetitions of a TB within a bundle. Repetition operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to repK. Within a bundle, initial transmission is performed according to TS 38.214.



	Samsung
	We think the proposal from Nokia seems reasonable.

	Ericsson
	The proposal from Nokia should be the starting point.

	Intel
	Option 1 with reference 38.214 about restriction to initial transmission

	MediaTek
	Agree with Nokia.

	ITRI
	We agree to LG’s comments. 

	Qualcomm
	We think Option 3 is better than the other two, although we prefer to rephrase the text as follows: The MAC entity shall consider that each transmission occasions identified according to the restriction is also configured with a configured grant.



The rapporteur found that the answers diverge among different companies. 6 companies expressed “selection of initial transmission occasion” into the procedure of new transmission for MAC entity to obtain a MAC PDU. While 3 companies think it should be put into a text beyond the HARQ procedure, and 3 companies prefer to put it at the beginning of UL grant reception. In view of the status, as the rapporteur, I would suggest to put it into the procedure of new transmission. 
Proposal 2: For each identified transmission occasion for initial transmission, MAC entity shall obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity if not already obtained a PDU for that bundle.

2.2 Support of slot aggregation in HARQ entity
In RAN1#86bis, it was agreed to support slot aggregation in NR [9] as follows,
Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots

In the available TS 38.214 v15.0.1, slot aggregation is specified for DL and UL respectively as follows [10],
· PDSCH related procedure
When the UE is configured with aggregationFactorDL > 1, the UE expected TB of the PDSCH to be repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots.
· PUSCH related procedure
When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the aggregationFactorUL consecutive slots and the PUSCH is limited to a single transmission layer.
The parameters aggregationFactorDL and aggregationFactorUL are configured by RRC, which are included in the fields of PDCCH-Config IE, and ASN.1 is shown below [11],
PDCCH-Config information element
			-- Number of repetitions for data. Corresponds to L1 parameter 'aggregation-factor-DL' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 1
			aggregationFactorDL					ENUMERATED {n1, n2, n4, n8}													OPTIONAL,
			-- Number of repetition for data. Corresponds to L1 parameter 'aggregation-factor-UL' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 1
			aggregationFactorUL					ENUMERATED {n1, n2, n4, n8}													OPTIONAL
		},

The rapporteur thinks that, slot aggregation has some similarity as TTI bundling and the one main difference is that TTI_BUNDLE_SIZE is fixed to 4 in LTE while aggregation factor is variable and configured by RRC. Actually in LTE, for TTI bundling, MAC captured the following description relevant to HARQ entity,
When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE.
In addition, for enhanced coverage configured with pusch-EnhancementsConfiguration, transmission repetition was introduced into LTE and the following text was captured into DL and UL HARQ entity,
· DL HARQ entity
For NB-IoT UEs or BL UEs or UEs in enhanced coverage, the parameter DL_REPETITION_NUMBER provides the number of transmissions repeated in a bundle. For each bundle, DL_REPETITION_NUMBER is set to a value provided by lower layers. Within a bundle, after the initial (re)transmission, DL_REPETITION_NUMBER-1 HARQ retransmissions follow. The HARQ feedback is transmitted for the bundle and a downlink assignment corresponding to a new transmission or a retransmission of the bundle is received after the last repetition of the bundle. A retransmission of a bundle is also a bundle.
· UL HARQ entity
For serving cells configured with pusch-EnhancementsConfiguration, NB-IoT UEs, BL UEs or UEs in enhanced coverage, the parameter UL_REPETITION_NUMBER provides the number of transmission repetitions within a bundle. For each bundle, UL_REPETITION_NUMBER is set to a value provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to UL_REPETITION_NUMBER.
Therefore, the rapporteur thinks that, slot aggregation has a similar impact on HARQ entity as TTI bundling and repetition for enhanced coverage and principles can be generalized in the following aspects:
1. aggregationFactorDL and aggregationFactorUL is configured by RRC and provide the number of transmission repetitions of a TB within a bundle.
2. For the UL, bundling operation relies on HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle.
3. Within a bundle, HARQ retransmissions are non-adaptive, and for UL, it is triggered without waiting for feedback from previous transmission according to aggregationFactorUL.
4. A retransmission of a bundle is also a bundle.
Then, the rapporteur suggests the following exemplary TP to be captured into HARQ entity,
· DL HARQ entity
When the UE is configured with aggregationFactorDL> 1, the parameter aggregationFactorDL provides the number of transmission repetitions of a TB within a bundle. For each bundle, aggregationFactorDL is set to a value provided by RRC. After the initial (re)transmission, aggregationFactorDL -1 HARQ retransmissions follow. A retransmission of a bundle is also a bundle.
· UL HARQ entity
[bookmark: OLE_LINK35][bookmark: OLE_LINK34]When the UE is configured with aggregationFactorUL > 1, the parameter aggregationFactorUL provides the number of transmission repetitions of a TB within a bundle. For each bundle, aggregationFactorUL is set to a value provided by RRC. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle .Within a bundle, HARQ retransmissions are non-adaptvie and are triggered without waiting for feedback from previous transmission according to aggregationFactorUL. A retransmission of a bundle is also a bundle.

Question 3: 
· For slot aggregation (DL&UL), do you agree that the suggested TP can be merged into HARQ entity operation in MAC spec?
· If not, please indicate your suggested SHORT TP in the column of view.
	Company
	View

	CATT
	Yes. With further below comments:
For the UL, the text “Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle .Within a bundle, HARQ retransmissions are non-adaptvie and are triggered without waiting for feedback from previous transmission according to aggregationFactorUL.” is almost the same for both configured grant repetition and slot aggregation. We can leave it to TS rapporteur to merge both texts.
For DL, it is our understanding that repetitions are transparent to the DL assignment reception function which only sees the 1st dynamic assignment. Hence, similar to the UL case, repetitions are handled by the HARQ entity itself. Therefore it would make sense to also have the following text in the DL HARQ entity function:
Bundling operation for slot aggregation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle .Within a bundle, HARQ retransmissions are non-adaptive.
And then would follow the text for determining the redundancy versions discussed in Section 2.3 below. 

	LG
	Generally, the proposed TP looks fine to us.
In addition, we see NR slot aggregation and repetition transmission are also similar. In our understanding, the only difference between NR slot aggregation and repetition transmission is that repetition transmission is for configured scheduling whereas the slot aggregation is for dynamic scheduling. Thus, we prefer to have a common text for them in NR as much as possible. 

	Huawei
	Yes, agree.

	Nokia
	Ok, but why not have similar text for DL as for UL about HARQ entity invoking the same HARQ process for each transmission within the bundle?

	ZTE
	The proposed TP looks fine for us.

	OPPO
	Yes, agree

	Samsung
	We are fine with the rapporteur's TP, and also agree with CATT and Nokia. Maybe the first sentence of the TP can be simplified as follows:
For DL (and also for UL):
The parameter aggregationFactorDL, if configured by RRC, provides the number of transmission repetitions of a TB within a bundle. For each bundle, aggregationFactorDL is set to a value provided by RRC. 

	Ericsson
	OK with certain modifications.  We agree with LG on the commonality between repetition and slot aggregation and would like to see common text in MAC.
When the UE is configured with aggregationFactorDL > 1, the parameter aggregationFactorDL provides the number of transmissions repetitions of a TB within a bundle. For each bundle, aggregationFactorDL is set to a value provided by RRC. After the initial (re)transmission within the bundle, aggregationFactorDL - 1 HARQ retransmissions follow. A retransmission of a bundle is also a bundle.

When the UE is configured with aggregationFactorUL > 1, the parameter aggregationFactorUL provides the number of transmissions repetitions of a TB within a bundle. For each bundle, aggregationFactorUL is set to a value provided by RRC. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle .After the initial transmission in the bundle, aggergationFactorUL – 1 HARQ retransmissions follow.Within a bundle, HARQ retransmissions are non-adaptvie and are triggered without waiting for feedback from previous transmission according to aggregationFactorUL. A retransmission of a bundle is also a bundle.


	Intel
	The proposed TP looks fine.

	MediaTek
	Agree, and also prefer the clarification mentioned by Nokia on the downlink non-adaptive behaviour to cover issue mentioned in Q6.

	ITRI
	Agree. 

	Qualcomm
	The TP is fine with us, except the last sentence. Our understanding is that RAN1 has not agreed that retransmission of a bundle is also a bundle. Maybe we can remove that for now.



All companies basically agree with the TP suggested by the rapporteur. Some companies also suggest to refine the TP by removing “For each bundle, aggregationFactorUL/DL is set to a value provided by RRC”. Two companies mentioned for the DL, it is better to clarify “for DL, HARQ entity invoking the same HARQ process for each transmission within the bundle as for the UL”. One company understands RAN1 status is that retransmission of a bundle has not been determined yet. The rapporteur thinks all above suggestions can be adopted in the TP. Regarding the commonality between slot aggregation and repetition, the rapporteur thinks it is better to let TS 38.321 rapporteur to consider how to further improve the texts. 
Proposal 3: It is agreed to capture the following operations in HARQ entity for slot aggregation
- aggregationFactorDL and aggregationFactorUL is configured by RRC and provide the number of transmission repetitions of a TB within a bundle.
- For both DL and UL, bundling operation relies on HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle.
- After the initial transmission, HARQ retransmissions follow within a bundle.
- Within a bundle, HARQ retransmissions are non-adaptive, and for UL, it is triggered without waiting for feedback from previous transmission according to aggregationFactorUL.

2.3 Redundancy version determination
For the repetition for configured grant and for UL slot aggregation, redundancy version needs to be determined as part of HARQ information. Therefore, the rapporteur believes that, MAC spec needs to capture the text for RV determination for repetition for configured grant, and for UL slot aggregation.
1) Repetition for configured grant
Regarding repetition for configured grant, the redundancy version pattern to be applied to the repetitions is determined by the repetition number repK and RV-rep configured by RRC. In subclause of 6.1.2.3 in TS 38.214, the following text has been already captured for determination of RV associated with each repetition, in particular, when the repetition number is larger than the size of RV sequence, it applies mod(n-1,4)+1 to determine the value of RV in the configured sequence.
The RRC-configured parameter UL-TWG-repK and UL-TWG-RV-rep define the K repetitions to be applied to the transmitted transport block, and the redundancy version pattern to be applied to the repetitions. For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence.
The rapporteur thinks that, RV determination should be captured in HARQ operation as TTI bundling in LTE. There are two possible options to capture the text [3] [12], 
· Option 1: To capture the RV determination in TS 38.214, and MAC refers to it for the sequence of redundancy versions and RV determination, as repetition for enhanced coverage, and an exemplary TP is provided as follows,
For repetitions of configured grant, the UE sees subclause 6.1.2.3 in [4] for the sequence of redundancy version and redundancy version determination.
· Option 2: To capture the RV determination in TS 38.321, and RV is maintained by the MAC, an exemplary TP is provided as follows,
The redundancy version for each repetition is set according to RV-rep. For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the RV-rep.

Question 4: 
· Regarding how to capture RV determination for repetitions, which option do you prefer between Option 1 and 2 ?
	Company
	View

	CATT
	Option 1. Since it is already captured in TS 38.214 we do not see the need to duplicate it in TS 38.321.

	LG
	Option 1.

	Huawei
	Option 1. No need to duplicate the text in MAC spec.

	Nokia
	Fine to refer to 38.214 since there was already text there. 
Possible rewording: “For repetitions of configured grant, the determination of the redundancy versions is defined in subclause 6.1.4 of [4]”

	ZTE
	Option 1

	OPPO
	Option 1

	Samsung
	Option 1

	Ericsson
	Option 1.
Formulation should be improved to e.g. “For transmissions within a bundle of configured grant, the sequence of redundancy versions is according to subclause 6.1.2.3 in [4]”

	Intel
	Option 1

	MediaTek
	Option 1 and prefer the text provided by Ericsson

	ITRI
	Option 1. 

	Qualcomm
	Option 1, for the same reason in the answer to Q1.



2) UL slot aggregation
Then, regarding the RV applied to slot aggregation, the rapporteur observed that there is no concrete conclusion on RV in the last RAN1#NR1801 meeting, 
Agreements:
· In case of slot-aggregation is configured
· the same symbol allocation is used across slots in UL
· Note: this aligns with the DL case
· the TB is repeated across the slots
· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)
· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL

Therefore, the rapporteur believes that TS 38.214 will capture the agreements of RV determination for slot aggregation after further discussion into some places, e.g. subclause of 6.1.4, and suggests MAC to refer to TS 38.214 for RV determination regardless of how it is determined. An exemplary TP is provided as follows,
For slot aggregation, the UE sees subclause 6.1.4 in [4] for the sequence of redundancy versions and redundancy version determination.

Question 5: 
· Regarding how to capture RV determination for UL slot aggregation, do you agree that it can be described in TS 38.214 and MAC refers to it for RV determination ?
	Company
	View

	CATT
	Yes, same as for Q4.

	LG
	Agree.

	Huawei
	Yes, agree.

	Nokia
	Fine to refer to 38.214. 
Possible rewording: “For slot aggregation, the determination of the redundancy versions is defined in subclause 6.1.4 of [4]”

	ZTE
	Agree

	OPPO
	 Agree

	Samsung
	Yes, same as for Q4.

	Ericsson
	Agree. It is preferred to keep the RV maintenance in physical layer spec. Text should be combined with additions due to Q4 (i.e a single paragraph should be sufficient).

	Intel
	Agree

	MediaTek
	Agree, same as Q4

	ITRI
	Agree. 

	Qualcomm
	Agree



All companies agrees for both DL and UL slot aggregations, the determination of the redundancy versions is defined in subclause 6.1.4 of TS 38.214.
Proposal 4: For both repetition and UL slot aggregation, the determination of the redundancy versions can be defined in RAN1 spec.

2.4 Repetition in subclause 5.3.2.1 (DL) HARQ entity
At last, the rapporteur thinks we need to discuss how to capture the repetition transmission into the HARQ operation. As discussed in last RAN2#NR1801, it was agreed that 
=>	Need to capture non-adaptive retransmission in the same procedure as well
Non-adaptive retransmission for repetition and slot aggregation should be captured into the current HARQ operation to complete the HARQ aspects in support of repetition and slot aggregation. The rapporteur thinks that, it is beneficial to review the current HARQ procedure in NR, in order to achieve common understanding.
In the current DL HARQ procedure, the below text is captured,
	The MAC entity shall:
1>	if a downlink assignment has been indicated:
[bookmark: OLE_LINK36]2>	allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
1>	if a downlink assignment has been indicated for the broadcast HARQ process:
2>	allocate the received TB to the broadcast HARQ process.



By comparing with LTE, the main difference is that the condition of “if this TTI is for a retransmission within a bundle” is removed in NR. The rapporteur suggests that with the introduction of DL slot aggregation, the condition can be restored. Given that TTI has been removed for HARQ aspects, the rapporteur thinks that it can be revised to the following options, 
· Option 1: if this PDSCH duration is for a retransmission within a bundle
· Option 2: if retransmission within a bundle is indicated
Question 6: 
· Regarding how to capture non-adaptive HARQ retransmission for DL slot aggregation, do you agree that the condition of “if this TTI is for a retransmission within a bundle” shall be restored in HARQ entity ?
· If yes, please indicate your preference between Option 1 and 2 ?
· If not, please provide your suggestions in the column of view
	Company
	View

	CATT
	Option 1.
In our understanding repetition is not supported in RAN1 so far for DL SPS. So the above only applies to repetition in a bundle in the context of DL slot aggregation. And for slot aggregation, the DL assignment reception only sees the 1st assignment, since, similar to the UL case, repetitions are handled by the HARQ entity. Therefore, there is no indication from the DL assignment reception to the HARQ entity that this PDSCH duration is for a retransmission within a bundle. It is derived by the HARQ entity itself.

	LG
	Yes and Option 2.

	Huawei
	Yes and Option 1. 

	Nokia
	No need to have special handling for retransmission, current “1>	if a downlink assignment has been indicated” can also cover the retransmission grant if with the addition of HARQ entity invoking the same HARQ process for each transmission within the bundle for DL in Q3?

	ZTE
	Yes and option 1.

	OPPO
	Yes, we prefer option 1

	Samsung
	Yes and Option 1.

	Ericsson
	Option 2 as “if this PDSCH duration is for a retransmission within a bundle” does not fit well into the procedure. 
Suggest the following: 
“1>	if a downlink assignment has been indicated or if retransmission within a bundle has been indicated:

	Intel
	Option 1

	MediaTek
	No. Agree with Nokia that the clarification only needs to exist in the text related to slot-aggregation as in Q3

	ITRI
	Yes and Option 1. 

	Qualcomm
	Yes. We think Option 1 is better, as there is no indication for retransmission within a bundle.



8 out of 12 companies prefers Option 1 that “if this PDSCH duration is for retransmission within a bundle” to fit the condition of DL slot aggregation for DL HARQ process. Then, the rapporteur think we can conclude Option 1 as the starting point.
Proposal 5: If this PDSCH duration is for retransmission within a bundle, the MAC entity shall allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process.

2.5 Repetition in subclause 5.4.2.1 (UL) HARQ entity
In the subclause of 5.4.2.1 UL HARQ entity, the below text is for retransmission, during the online discussion, some companies thought that, branches of “2> else (i.e. retransmission) => 3> else:” already covers the case of repetition [12], while others had different understanding. Therefore, the rapporteurs thinks that, it is better to align the understandings on the current procedure in order to avoid ambiguity. 
	For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	… (conditions to initiate new transmissions)
	2>	else (i.e. retransmission):	
	3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty:
4>	ignore the uplink grant.
[case non-toggled NDI… ]
3>	else:
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a retransmission;



Question 7: 
· Do you think repetition will enter the condition of 2> else (i.e. retransmission) ?
· If yes, do you think each repetition is associated with a configured uplink grant ?
· If no, do you think a bundle is associated with only one configured uplink grant ?
	Company
	View

	CATT
	Yes our understanding is that repetitions of UL configured grants enter the condition of 2> else (i.e. retransmission) and repetitions occur on consecutive configured grants instances (which from HARQ process ID equation use the same HARQ process). 

	LG
	No, but we consider each repetition is each uplink grant. 
Case 1. If we consider each repetition transmission of bundle as each uplink grant,
· Configured grant timer will start upon the first transmission within the bundle and will prevent using the remaining repetitions within the bundle according to S5.4.1.
Case 2. If we consider all repetition transmissions of bundle as one uplink grant,
· MAC cannot start the first transmission at a certain transmission point with RV=0 within the bundle, for example, the second transmission point with RV=0, according to S5.4.2.1 and S5.4.3.1.3.
Case 1 would require change on ConfiguredGrantTimer whereas Case 2 would require change on HARQ procedure. We see the change for Case 2 would be huge and complex.
For Case 1, possible changes would be
Option 1. Start the ConfiguredGrantTimer at the last transmission of the bundle; or
Option 2. Deliver the uplink grant even if the ConfiguredGrantTimer is running.
For Option 2, the TP will be:
1>	if the ConfiguredGrantTimer for the corresponding HARQ process is not running:
2>	consider the NDI bit for the corresponding HARQ process to have been toggled;
1>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
Option 2 would deliver the configured UL grant even if the ConfiguredGrantTimer is running while not toggling the NDI. As a result, it would allow non-adaptive retransmission on the configured uplink grant if the ConfiguredGrantTimer is running, even in case it is not repetition transmission. 
We prefer Option 1 for simplicity.

	Huawei
	No, we think that one bundle is associated with only one uplink grant, as similar as TTI bundling in LTE. For non-adaptive retransmission, our understanding is that,  in LTE, the HARQ entity doesn'tneed to 
-	deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;
but only
-	instruct the identified HARQ process to trigger a new transmission.
Therefore, it implies that there is no “uplink grant” to be used for non-adaptive retransmission case, and actually, the HARQ process determines RV with no DCI indication. As a result, repetition will not enter the case of “2> else” given that it doesn't even meet the initial requirement of HARQ entity process: “For each uplink grant….”. 
Further, we think that repetition is handled by HARQ entity. After initial transmission, HARQ entity will revoke the following retransmissions for repetition, so there is no need to associate each TO for repetition with one configured grant.

	Nokia
	Yes, each repetition is a separate configured grant.

	ZTE
	Yes, each repetition is a separate configured grant.

	CATT (2)
	Some clarification on our above answer:
In view of sticking to the legacy LTE procedure for non-adaptive retransmissions, the UL grant can be stored in the HARQ process function, instead of the HARQ entity. Therefore we should add a branch under “2>     else (i.e. retransmission or repetition):“ to distinguish between adaptive and non-adaptive retransmissions, and where the latter case would only instruct the HARQ process to trigger a non-adaptive retransmission.

	OPPO
	No, we think that one bundle is associated with only one uplink grant,

	Samsung
	Yes, each repetition is a separate configured grant.

	Ericsson
	RAN1#91 made the following agreement:
Agreements:
· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 

This means that a bundle is associated with one configured grant. Furthermore, we agreed in RAN2 to capture the RAN1 behaviour.

	Intel
	We see repetition doesn’t satisfy the first three ‘if’ statement. So must capture by the else statement

	MediaTek
	Yes, as repetition doesn’t satisfy the first three statements, it falls into the ‘else’ section. We see each repetition as a separate configured grant.

	ITRI
	Yes, repetition will enter the condition of “2> else”. And our understanding is that each repetition is associated with a configured uplink grant. 

	Qualcomm
	No, we think a bundle is associated with only one uplink grant, as there is no DCI required for the subsequent transmissions in the bundle.



Based on the statistics of answers to Question 11, the rapporteur expects that there can be two cases to proceed the discussions where 
· CASEA means current HARQ procedure already covers the case of repetition.
· CASEB means current HARQ procedure has not covered the case of repetition. 
And each company is encouraged to review the parts of particular case you support. 
CASE A: In this case, the rapporteur thinks that, MAC spec may need to add some text indicating relationship between transmission occasion of repetition and (configured) uplink grant because the HARQ retransmission procedure is only via “each uplink grant” with non-toggled NDI. Therefore, it is necessary to capture the following exemplary TP to subclause of 5.4.2.1 HARQ entity, 
After initial transmission, the following each transmission occasion within a bundle is associated with a configured grant for repetitions with non-toggled NDI.

Question 8: 
· If you support CASE A, do you agree that the text to clarify that “after initial transmission, the following each transmission occasion within a bundle is associated with a configured grant with non-toggled NDI”?
· If you have other options, please provide your suggested SHORT TP in column of view.
	Company
	View

	CATT
	When repetition across configured grants is configured with repK>1, the parameter repK provides the number of repetitions of a TB within a bundle. Repetition operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered with non-toggled NDI without waiting for feedback from previous transmissions according to repK.
[…]
For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to … 
[case of toggled NDI]
	2>	else (i.e. retransmission or repetition):
[case of non-toggled NDI]

	LG
	As replied to Question 2, it would be sufficient to add a sentence such as "Within a bundle, initial transmission can be performed according to the section 6.1.2.3 of [xx, TS 38.214]. Within a bundle, other than the initial transmission, HARQ retransmissions are performed". We don’t need to mention non-toggled NDI because retransmission means that NDI is not toggled. 

	Nokia
	The text added in Q3 similar to TTI bundling seems to be enough.

	ZTE
	We share the view with Nokia and also think the text added in Q3 is sufficient.

	Samsung
	Same view as Nokia and ZTE.

	Ericsson
	The proposed addition makes no difference. We prefer no additions regarding this. See Q7.

	Intel
	Add (i.e. retransmission or repetition):
2>	else (i.e. retransmission or repetition):	
	3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty:


	MediaTek
	Agree with Nokia and Intel above. Text added in Q3 is sufficient to capture repetition behaviour. Intel’s clarification makes it clear that the else case is for both retransmissions and repetitions.

	ITRI
	It is not necessary to clarify the relationship between transmission occasion of repetition and (configured) uplink grant. And we suggest to improve the sentence as “2> else (i.e. retransmission or repetition)” for good readability. 

	Qualcomm
	Yes, we agree




CASE B: In this case, the rapporteur thinks that, a new branch for repetition is hence needed. The basic thinking is that, 
· First, the HARQ entity enters the condition of “new transmission” for initial transmission
· Then, the HARQ entity needs to continue to process of the rest transmission occasions for repetitions, which is to instruct the identified HARQ process
· The HARQ process is already clarified by “Repetition operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle”). 
The rapporteur thinks that there are two possible places to incorporate the additional branch, and an exemplary TP is provided as follows,

	For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	… (conditions to initiate new transmissions)
     3>if a MAC PDU to transmit has been obtained:
            4>instruct the identified HARQ process to trigger a new transmission.
 4>for each transmission occasions after the initial transmission within the bundle, if    configured:Option 1

                5>instruct the identified HARQ process to trigger a non-adaptive retransmission for repetition.
	2>	else (i.e. retransmission):	
	3>if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty:
            4>ignore the uplink grant.
3>else:
           4>deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;Option 2

           4>instruct the identified HARQ process to trigger an adaptive retransmission;
For eachtransmission occasion after the initial transmission within the bundle, if configured:
1>	identify the HARQ process associated with transmission occasion, and for the identified HARQ process:
2>instruct the identified HARQ process to trigger a non-adaptive retransmission for repetition.



Question 9: 
· If you support CASE B, do you agree with the exemplary TP as suggested above to incorporate the case of “non-adaptive HARQ retransmission for repetitions within a bundle”? 
· If yes, please indicate your preference between Option 1 and 2.
· If not, please provide your suggested SHORT TP in column of view.
	Company
	View

	Huawei
	We slightly prefer Option 2. Actually we think both Options are feasible. Option 2 has no impact on the case of “new transmission”, so it is preferable not to merge “new transmission” and “retransmission” into one branch.

	OPPO
	We slightly prefer to Option 1



8 out of 12 companies believe the branch of “else (i.e. retransmission)” captures the case of repetition, while 2 companies think the branch doesn't capture the repetition at all. The rapporteur thinks that, as a starting point, we can clarify that the case of 2 > else is for both retransmission and repetition/UL slot aggregation, as suggested by some companies. 
[bookmark: _GoBack]7 companies understand that “each repetition can be seen as a separate grant”, while 4 companies think one bundle is associated with one grant. As the rapporteur, I think “each repetition can be seen as a separate grant” can be used as a starting point. In addition, we need to clarify that it is under the condition that the grant is received by the HARQ entity, which means that only if the uplink grant has been delivered to the HARQ entity, the transmissions including repetition are allowed. Otherwise, transmission should not be performed due to the configuredgrantTimer.
As a result, the rapporteur thinks we have to add one case that “the uplink is for repetition that cannot be used for initial transmission, and no MAC PDU has been obtained for this bundle”, in this case, the uplink grant should be ignored. For instance, for RV sequence {0, 3, 0, 3}, if no MAC PDU can be obtained with uplink grant associated with RV0 (the first “0”), then, the uplink grant associated with RV3 (the first “3”) should be ignored. Otherwise, it can enter the case of retransmission.
Proposal 6: As a starting point, each repetition within a bundle can be seen as a separate grant (after the grant is received by the HARQ entity), and the case of “retransmission” in HARQ procedure is for both retransmission and repetition/UL slot aggregation. 

2.6 Repetition in subclause 5.4.2.2 (UL) HARQ process
Then, in the subclause of 5.4.2.2 UL HARQ process, the rapporteur thinks that, some text of non-adaptive HARQ retransmission may need to be added as in LTE. For instance,
New transmissions are performed on the resource and with the MCS indicated on either PDCCH, Random Access Response, or RRC. Adaptive rRetransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH.Non- adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.
Regarding CASE B, the following modification is also needed since non-adaptive retransmission doesn't have uplink grant, therefore, HARQ entity doesn't need to store the uplink grant received from the HARQ entity.
	If the HARQ entity requests a retransmission for a TB, the HARQ process shall:
1> If the HARQ entity requests an adaptive retransmission:
	12>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.



Question 10: 
· Do you agree to incorporate the above exemplary TPs into the subcaluse of UL HARQ process regarding non-adaptive retransmission ?
	Company
	View

	CATT
	Yes we agree with the intention of the first text, although it may require some improvement since e.g. if consecutive configured grants are mapped on different symbols of the same slot, they should not be considered as the “same resource”. Maybe we could say “…on the same resource size…”? 

	LG
	[Case A] In addition to the proposed text, it may be good to add that non-adaptive retransmission is only for repetition transmission.

	Huawei
	Yes, agree. We understand the legacy text of “same resource” means “same TBS” because obviously retransmission cannot use the same “time domain resource”. But we are open to whether the legacy text can be improved.

	Nokia
	No special handling is needed with the addition from Q3 and the addition of RV reference to 38.214.

	ZTE
	We are fine with the first text.

	OPPO
	We are fine with the text

	Samsung
	We share the view with Nokia.

	Ericsson
	Disagree. Adaptive retransmission and non-adaptive retransmission are sufficiently captured (see response to previous questions). The addition here may instead create ambiguity. For instance, the following addition is not accurate: Non- adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.

	Intel
	Yes, we should mention non-adaptive retransmission. The TP is fine. May be we should check whether we should clarify about non-adaptive retransmission in other places

	MediaTek
	Agree.

	ITRI
	Yes, agree. We may improve the legacy test as “Non-adaptive retransmission is performed on the indicated resource and with the same MCS…”

	Qualcomm
	Yes, we agree.


[bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK209]
9 out of 12 companies agree with the first text to capture non-adaptive retransmission. The rapporteur thinks MAC spec should mention non-adaptive retransmission, otherwise, from the current text, it is understood that retransmission is only via dynamic grant even for slot aggregation/repetition. Some companies raised concern on the wording “same resource”, however, the rapporteur thinks it is inherited from the LTE spec which indicates the “PRB” resource, so we can use it as starting point, and further discuss how to improve the wording. 
Proposal 7: For repetition and slot aggregation, non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt, as in LTE.


Open Question: 
· If you identify there is addition issue to be addressed, please provide your comments. 
	Company
	View

	
	

	
	




3. Email Discussion Results
Proposal 1: MAC spec just needs to refer to RAN1 spec with regards to the restrictions of possible transmission occasion for initial transmission within a bundle.
Proposal 2: For each identified transmission occasion for initial transmission, MAC entity shall obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity if not already obtained a PDU for that bundle.
Proposal 3: It is agreed to capture the following operations in HARQ entity for slot aggregation
- aggregationFactorDL and aggregationFactorUL is configured by RRC and provide the number of transmission repetitions of a TB within a bundle.
- For both DL and UL, bundling operation relies on HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle.
- After the initial transmission, HARQ retransmissions follow within a bundle.
- Within a bundle, HARQ retransmissions are non-adaptive, and for UL, it is triggered without waiting for feedback from previous transmission according to aggregationFactorUL.
Proposal 4: For both repetition and UL slot aggregation, the determination of the redundancy versions can be defined in RAN1 spec.
Proposal 5: If this PDSCH duration is for retransmission within a bundle, the MAC entity shall allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process.
Proposal 6: As a starting point, each repetition within a bundle can be seen as a separate grant (after the grant is received by the HARQ entity), and the case of “retransmission” in HARQ procedure is for both retransmission and repetition/UL slot aggregation. 
Proposal 7: For repetition and slot aggregation, non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt, as in LTE.
In addition, a TP is provide in [14]
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