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1
Introduction
This is the report of email discussion on [96#28][NR] MAC to support multiple numerologies.
[96#28][NR] MAC to support multiple numerologies (Nokia) 


Progress FFS points from the meeting related to the MAC architecture to support multiple numerologies/TTI durations.


Intended outcome: Email discussion report


Deadline: Thursday 05/01/2017

2
Discussion
Following agreements have been made in RAN2 #95bis [1]:

Agreement

-
The ARQ will be supported in RLC. 

-
RLC adds an RLC SN

Agreements

1
The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc)

2
A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.

and following agreements in RAN2 #96 regarding MAC impact with multiple numerologies [2]:

=>
For multiple numerologies in Phy, at least the TTI length of the numerology(s) will be visible to MAC. Other characteristics of the numerology that may be visible to MAC are FFS (and also depending on progress in RAN1).

Agreements

1
A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.

FFS: Whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

FFS: Whether a single logical channel can be mapped to one or more numerology/TTI duration.

FFS: Whether a single HARQ entity can support one or more numerology/TTI duration

The aim of this email discussion is to progress the above FFSes. 

Note that different numerologies and different TTI durations are not put as separate questions, and also whether it is different numerologies/TTI durations from different serving cells or one serving cell are not distinguished, but companies can put different answers/comments for them for specific questions if seen needed. 
2.1
Issue 1: FFS whether a single logical channel can be mapped to one or more numerology/TTI duration

With the agreement that a radio bearer can be configured by the network to be mapped to one or more numerologies/TTI durations and the agreement of ARQ in RLC layer, whether a single logical channel can be mapped to one or more numerologies/TTI durations basically implies whether ARQ can be performed across different numerology/TTI duration. If a logical channel can only be mapped to one numerology/duration, ARQ can only be performed on that numerology/TTI duration even though the bearer is configured by the network to be mapped to one or more numerology/TTI duration, which means data split to multiple numerologies/TTI durations happens between PDCP and RLC layer as for dual connectivity.

Question 1: Can ARQ be performed across different numerologies/TTI durations if a radio bearer is configured to multiple numerologies/TTI durations? 

	Company
	Yes/No
	Comments

	Mediatek
	Yes
	Whether to utilize DC or CA depends on the network architecture and the number of independent schedulers. Considering different numerologies are supported on the same carrier, it is sensible that it is only one scheduler that controls resource allocation among different numerologies. It’s more like CA. 

With CA, ARQ can be performed across different CAs. The same principle can be applied for supporting different numerologies. So RLC-Config and ARQ operation is per LC, and different numerologies are transparent to RLC entity.

	Nokia
	Yes
	ARQ should be independent from PHY numerology/TTI length. We should not restrict ARQ retransmissions to be only on the numerology/TTI length where the initial transmission happens. So it should be possible to map a LCH to one or more numerologies/TTI durations.

	Ericsson
	Yes
	This would imply that some aspects of the different TTI duration would be somewhat visible to RLC. One aspect is t-reordering timer in RLC which is calibrated to cover a certain number of HARQ retransmission cycles. However, with asynchronous HARQ, the network is in full control of the number of UL and DL HARQ retransmission attempts and can adjust those to the RLC poll- and status reporting timers.

	Intel
	Yes
	We do not see any issue for ARQ/RLC entity of the radio bearer to perform across different numerologies/TTI durations. MAC will just treat RLC transmission/retransmission as new transmission and route to any UL grant of any numerology allowed by the radio bearer that the logical channel is associated with.   Even if there is a need of multiple ARQ/RLC entities for a radio bearer supporting multiple numerologies, the network can setup different radio bearer (each map to a numerology) to handle such case.

	LG
	Yes
	We think multiple numerologies do not have any impact on RLC and PDCP.

	Coolpad
	Yes
	We think it is better to make ARQ independent from numerologies/TTI durations.

	OPPO
	YES
	It’s the MAC to handle the mapping between different logical channels and numerologies. If the radio bearer which the logical channel is associated with is configured to multiple numerologies/TTIs, the ARQ can be performed across different numerologies, since the MAC will treat any ARQ PDU from the RLC as normal data PDU, in principle, the MAC can put these data PDU on any UL grant only if the numerology is allowed to be used.

	Huawei, HiSilicon
	Yes
	It should be possible to perform ARQ transmission across different numerologies/TTI durations, if a radio bearer is configured to multiple numerologies/TTI durations.

	Qualcomm
	Yes
	Numerology and TTI length should be transparent to ARQ. It should be possible to map a logical channel to multiple numerologies given the numerologies can satisfy a logical channel’s QoS requirements. It should also be possible to configure the numerologies allowed for a logical channel to use in the system.

	InterDigital
	Yes
	ARQ can be performed per logical channel, even if it maps to multiple numerologies/TTI durations. The numerology/TTI duration should be transparent to the ARQ functionality.

	ETRI
	Yes
	As RAN2 decided that a radio bearer can be mapped to multiple numerologies/TTI durations, ARQ can be easily controlled across different numerologies. It would be controlled by network configuration and it can also enhance scheduling flexibility. 

	ZTE
	YES
	ARQ should be numerology/TTI agnostic. If a radio bearer is configured to multiple numerologies/TTI durations, the ARQ across different numerologies/TTI should be allowed.

	ITL
	Yes
	We don’t see any problem and/or issue.

	Spreadtrum
	Yes
	It has been agreed that a bearer may be mapped to multi numerologies. It is better for a LCH to take advantage of the agreement. So is for ARQ.

	SONY
	YES
	Agree that multiple numerologies should not have any relation to protocol layers above MAC.

	CATT
	Yes 
	Which numerology/TTI is used should be transparent to RLC layer. We also think logical channel can be mapped to one or more numerology/TTI duration.


	Lenovo/ MotM
	Yes
	We understand that the RAN2 agreement “A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.” dis-allows the RLC PDU (and/ or PDU-segment) to be put on the Numerologies that were NOT mapped to the corresponding bearer.

We agree with LG and others that RLC and PDCP should be rather oblivious to the underlying Numerologies. 

Therefore, as OPPO said, the onus is now on MAC i.e. MAC can put these data PDU on any UL grant only if the numerology is allowed to be used.

	Convida Wireless
	Yes
	ARQ should be independent from PHY numerology/TTI length. It should be possible to map a logical channel to multiple numerologies given the numerologies can satisfy a logical channel’s QoS requirements. It should also be possible to configure the numerologies allowed for a given logical channel.

	ITRI
	Yes
	We do not see benefits to limit ARQ retransmission to be performed on the same numerology/TTI duration.

	NTT DOCOMO
	Yes
	We think that it should be allowed to perform ARQ across different numerology, if a radio bearer is configured to multiple numerologies/TTI durations.

	Samsung
	Yes
	RAN2 agreed “A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration”. As, ARQ is one of radio bearer configurations, ARQ retransmissions can be performed over different numerologies.

	Panasonic
	Yes
	Agree that multiple numerologies should not have any impact on RLC and PDCP.


All the companies agree that ARQ should be independent from numerologies/TTI length and a LCH should be able to be mapped to multiple numerologies/TTI durations if a radio bearer is mapped to multiple numerologies.

Proposal 1: a single logical channel can be mapped to one or more numerology/TTI duration. 
Proposal 2: ARQ can be performed on the numerologies/TTI lengths that the LCH is mapped to. 
If answer to Question 1 is yes, it should be further discussed whether data split happens between RLC and MAC into multiple MAC entities or inside MAC with only single MAC entity as for CA, but as it was agreed in the meeting whether to have single MAC entity or multiple MAC entities is a modelling issue which can be decided after the MAC functionalities are clearer, we will discuss it later in section 2.3. 
However whether Logical channel configuration (RLC configuration), e.g. maximum RLC retransmission number, etc. is same for different numerologies/TTI durations could be discussed regardless of how MAC is modelled. Straightforward thinking is it should be common since it is called as one logical channel, otherwise it should be modelled as different logical channels with different configurations. 

Question 2: If answer to question 1 is yes, is the RLC configuration the same for different numerologies/TTI durations when a logical channel is configured to be mapped to multiple numerologies/TTI durations? 

	Company
	Yes/No
	Comments

	Mediatek
	Yes
	Different numerologies/TTI length are transparent to RLC entity. RLC configuration is per LC and common for different numerologies configured for the LC. 

	Nokia
	Yes
	The RLC configuration should be independent from PHY numerology/TTI length, thus it should be set per logical channel without dependency on the numerology/TTI length used to transmit the data.

	Ericsson
	Yes
	We think numerology/TTI duration should be hidden to RLC. It is a property primarily for layers below RLC. The eNB is free to configure the timers of RLC per logical channel and to control the scheduling accordingly (e.g. setting the timers corresponding to the longer TTI duration). Creating separate RLC configurations for different numerologies/TTI durations seems complex with unknown benefits.

	Intel
	Yes
	Only 1 RLC configuration per logical channel and thus common to all numerologies.

	LG
	Yes
	We think multiple numerologies do not have any impact on RLC and PDCP.

	Coolpad
	Yes
	We think RLC configuration should be per logical channel.

	OPPO
	YES
	We don’t see any benefits for the visibility of different numerology and TTIs to the RLC layer, so we suggest RLC configuration should be common irrespective of different numerologies.

	Huawei, HiSilicon
	Yes
	RLC configuration should still be per logical channel, i.e., there is only one RLC configuration for a logical channel, even if it is mapped to multiple numerologies.

	Qualcomm
	Yes
	Same as above, numerologies/TTI durations are transparent to RLC.

	InterDigital
	Yes
	A logical channel does not have to be associated with numerology-specific RLC configurations. The RLC configuration should be dependent on service requirement/QoS.  

	ETRI
	Yes
	The RLC should be configured per logical channel and transparent to different numerologies/TTI length.

	ZTE
	Yes
	If one logical channel is configured to be mapped to multiple numerologies/TTI durations, we assume the RLC parameters are suitable for all the related numerologies/TTI durations. Otherwise, the logical channel shall not be configured to be mapped to multiple numerologies/TTI durations.

	ITL
	Yes
	We don’t see any problem with same RLC configuration for multiple numerologies.

	Spreadtrum
	Yes
	Logically RLC configuration is per LCH and MAC should handle multi numerologies. It is simpler and preferred to use same RLC configuration across different numerologies of one LCH even though radio conditions of different numerologies are different.

	SONY
	Yes
	Agree that multiple numerologies should not have any relation to protocol layers above MAC.

	CATT
	Yes
	Numerology/TTI is invisible to RLC and PDCP, so there is only one RLC configuration per radio bearer.  

	Lenovo/ MotM
	Yes
	Agree with LG and others.

	Convida Wireless
	Yes
	As per our input to question 1, ARQ should be independent from PHY numerology/TTI length and therefore should be only one RLC configuration per logical channel.

	ITRI
	Yes
	If a logical channel is configured to be mapped to multiple numerologies/TTI durations, the RLC configuration should be the same for different numerologies/TTI durations because there is only one RLC entity.

	NTT DOCOMO
	Yes
	Common RLC configuration is simpler. 

	Samsung
	Yes
	RLC configuration should be same regardless of numerologies/TTI durations. The numerologies/TTI durations is only visible in MAC level (i.e. logical channel).

	Panasonic
	Yes
	Agree with other companies view that common configuration par logical channel since multiple numerologies should not have any impact on RLC and PDCP


All the companies agree that RLC configuration should be per logical channel without dependency on numerology/TTI length. 

Proposal 3: The RLC configuration is per logical channel without dependency on numerology/TTI length. 
It was proposed in [3] that radio bearer/logical channel to numerology mapping should be based on QoS requirement, e.g. latency, thus should not be changed after the radio bearer is configured. On the other hand, one might consider necessary to reconfigure the mapping depending on number of UEs with services of different requirements as well as load of each cell/numerology/TTI duration, etc.
Question 3: how the configuration of radio bearer/logical channel to numerology/TTI duration mapping can be changed:

1. Only configured when the radio bearer/logical channel is added and cannot be changed until release of the radio bearer.

2. Can be reconfigured via RRC reconfiguration.

	Company
	1/2
	Comments

	Mediatek
	1
	The use case and necessity to support numerology reconfiguration for a DRB is not justified. For the sake of simplicity, option 1 is preferred. 

	Nokia
	2
	We do not see an issue so far to allow reconfiguration. 

	Ericsson
	2
	We think option 2 is fine for now (as it works for LTE), but we recognize that more aspects of the numerology/TTI duration would probably be known before making a firm agreement on this question. Is it possible to postpone this question for a little while?

	Intel
	2
	This can be (re)configured via dedicated RRC signalling. In our view, even if the numerology mapping changes, it should still meet the minimum QoS/latency of the radio bearer. 

	LG
	1
	Option 1 is simple and fine while we see no motivation for Option 2. Thus, Option 1 should be the baseline. For Option 2, we need to discuss how to handle the on-going data transmission if numerology/TTI duration mapping changes for a logical channel.

	Coolpad
	2
	We agree with Nokia that reconfiguration should be allowed similar with LTE.  However, we are fine this this issue is postponed if there is no consensus so far.

	OPPO
	2
	It’s allowed that the logical channel could be re-configured by other information, e.g., RRC reconfiguration.

	Huawei, HiSilicon
	2
	Modelling-wise, adding/changing a numerology should be very similar to adding/changing SCell in CA. It is possible to change SCell configuration after a bearer is setup in LTE. Hence, we don’t see the need of the restriction introduced in option 1. 

	Qualcomm
	2
	Reconfiguration as part of handover has to be supported (hence via RRC signalling is fine). We do not see a strong need to optimize for reconfiguration in the same cell.

	InterDigital
	2
	Depending on traffic characteristics and available numerologies/TTI lengths deployed in the cell, the mapping between logical channels and numerologies/TTI durations can be reconfigured through RRC signaling. A bearer re-establishment would induce unnecessary interruptions, e.g. when performing inter-cell or inter-frequency handovers requiring a numerology change.

	ETRI
	2
	RRC reconfiguration would be supported. 

	ZTE
	2
	We also do not see any issue to allow the reconfiguration. And we think the support of reconfiguration will be quite helpful in the handover cases.

	ITL
	1
	We have same understanding with LG. Option 1 should be considered as a baseline and then option 2 can be discussed later.

	Spreadtrum
	2
	There is a need to reconfigure the mapping depending on the condition of wireless signal and load of each cell.

	SONY
	2
	Think option 2 should be possible

	CATT
	2
	At least during the handover/serving cells change, it is possible to change the mapping configuration.

	Lenovo/ MotM
	2
	We don’t see much benefit in restricting the possibility of a re-mapping.

	Convida Wireless
	2
	We think option 2 should be allowed. Share similar view on the use cases mentioned by Qualcomm and Huawei.

	ITRI
	1
	Option 1 is the baseline. The configuration can be changed through release/add procedures.

	NTT DOCOMO
	?
	We should first identify the actual use cases to reconfigure it and what will be a consequence/challenge if we allow reconfiguration. 

	Panasonic
	2
	The configuration can be reconfigured via RRC reconfiguration message.


4 companies prefer the mapping between logical channel and numerology/TTI length is set only when the bearer/LCH is added. 16 companies think it should be possible to reconfigurable. Propose to allow reconfiguration.

Proposal 4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

2.2 Issue 2: FFS whether a single HARQ entity can support one or more numerology/TTI duration

In LTE CA, each serving cell has different HARQ entity that handles HARQ retransmission only on that cell so that HARQ process ID does not need to be shared among different serving cells. 
It was proposed in [4] and [5] to have a single HARQ entity supporting multiple numerologies and/or TTI durations. The implication is shared HARQ process pool is needed to identify different HARQ processes across different numerologies and/or TTI durations. Total number of HARQ processes that PDCCH can indicate would depend on total number of cells/numerologies/TTI durations a UE can support as well as processing time for each numerologies/TTI durations. This issue highly depends on RAN1 progress on how HARQ operation works, but companies are welcome to provide views and see if possible to agree a preference from RAN2 point of view.
Question 4: Can HARQ retransmission be performed across different numerologies and/or TTI durations?

	Company
	Yes/No
	Comments

	MediaTek
	No
	The benefits to support flexible HARQ retransmission between different numerologies need more justification. From complexity perspective, it’s better not to support cross-numerology HARQ.

	Nokia
	Up to RAN1 to decide
	If only asynchronous HARQ is supported, from RAN2 point of view there is no showstopper to support cross numerology/TTI duration HARQ retransmission as long as the TBS for the retransmission is the same as TBS of the initial transmission and the HARQ process is explicitly indicated. However, more overhead in PDCCH is expected.  

	Ericsson
	Yes
	One should note that already in TDD and LAA a HARQ process is not limited to one particular number of OFDM symbols (in time domain). In TDD a HARQ process may end up in a normal or in a special subframe. A retransmission of a process may appear in a special subframe even though the initial transmission was in a normal subframe and vice versa. For LAA, it is possible to vary the number of OFDM symbols dynamically in order to leave room for LBT. Also here, the number of symbols in the retransmission must not be equal to the number of symbols in the original transmission attempt.

Considering that NR aims in general for a more flexible frame structure one should of course maintain the possibility to reschedule retransmissions for a different TTI duration. In other words, the number of OFDM symbols (in time domain) should be transparent to a HARQ process (like in LTE).

On the other hand, HARQ retransmissions on the same carrier but with a different numerology would certainly be a change compared to LTE. However, if RAN1 decides that transmissions on a single serving cell may use different numerologies (indicated dynamically in the DCI), it appears simplest to use a common pool of HARQ processes and to perform retransmissions with different numerologies.

Please note that we do not see a need or benefit to perform retransmissions of a HARQ process on a different serving cell.

	Intel
	Wait for RAN 1
	Agree with the rapporteur that it is quite highly dependent on RAN 1 and should wait for further progress from RAN 1 as it depends on how L1 signals the HARQ process ID and the numerology/TTI duration in the control channel and whether the HARQ processes can be shared among different numerologies/TTI durations.

	LG
	Yes
	From RAN2 point of view, one HARQ process can support multiple numerologies, i.e., a MAC PDU can be retransmitted by the same HARQ process with different numerologies. We don’t think the shared HARQ process pool is needed. However, we also agree that it could depend on RAN1 decision.

	Coolpad
	Wait for RAN1
	Agree with Nokia and Intel that this is highly dependent on RAN1.

	OPPO
	YES
	We also think it highly depends on the RAN 1 for how the L1 signals are designed, but we suggest RAN 1 consider the need of cross-numerology HARQ retransmission.

	Huawei, HiSilicon
	Yes
	From RAN2 point of view, we don’t see the need of limiting HARQ process to be per numerology. On the contrary, we see this kind of unnecessary restriction to cause extra burden in deciding which numerology to be used for the initial transmission, given the possibly very dynamic nature in the future traffic and channel conditions.

	Qualcomm
	No
	This is a RAN1 issue. Supporting HARQ across multiple numerologies is complicated and it is not clear if the benefit justifies the complexity. HARQ protocol is design to provide desired QoS characteristics of the physical channels. It is desirable that HARQ configuration should be numerology specific. Thus, supporting HARQ across multiple numerologies is complicated and it is not clear if the benefit justifies the complexity.

	InterDigital
	Yes
	Depending on the outcome of discussion in RAN1, a HARQ process may support a retransmission using variable TBSs (e.g. where only failed CBs of the TB are retransmitted), which facilitates cross numerology/TTI retransmissions. We see no reason to place a HARQ restriction on cross numerology/TTI length retransmissions, but perhaps it’s better to have the discussion once a clearer view is conveyed by RAN1.

	ETRI
	No
	We slightly prefer not to allow HARQ across multiple numerologies since it may increase complexity, but asynchronous adaptive HARQ mechanism can support it.

	ZTE
	Up to RAN1 to decide
	It depends on whether the TB size table is common for the physical channel carried on different numerologies/TTI. In addition, the numerologies/TTI used can be determined by the MAC scheduler, and we think the MAC can try to schedule the same numerologies/TTI for the HARQ retransmission.

	ITL
	Yes
	Regarding discussion on relation between LCH and numerologies, there is no big issue to allow HARQ retransmissions on a different numerology. But we also agree this issue is close to RAN1.

	Spreadtrum
	Need to be evaluated
	HARQ retransmission across different numerologies is complicated and needs more signaling overhead. On the other hand, it is more flexible and has some potential benefits. More analysis and evaluation are needed.

	SONY
	Yes
	We don’t think the option where one HARQ process can support multiple numerologies should be excluded. At least from a RAN2 point of view it should be possible to configure that option.

	CATT
	Yes for TTI,
No for Numerology
	It should be up to RAN1 decision. 

Our view is that HARQ retransmission can be performed across different TTIs within one numerology, but cannot be performed across numerology.
HARQ retransmission across different numerologies is much more complicated.

	Lenovo/ MotM
	Yes/ restrictively
	As indicated in our response to Q1: “the RAN2 agreement “A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.” dis-allows the RLC PDU (and/ or PDU-segment) to be put on the Numerologies that were NOT mapped to the corresponding bearer” – MAC needs to ensure that (the MAC TB containing) a RLC PDU/ PDU-segment is not re-transmitted on a “wrong” Numerology!

	Convida Wireless
	Yes from RAN2 perspective
	Although it is somewhat premature to conclude as this has dependencies on final RAN1 design, we do think from RAN2 perspective it should be possible to support HARQ retransmission across different numerologies and/or TTI durations if RAN1 design doesn’t not limit this option.

	ITRI
	Yes
	When a UL resource with a longer TTI duration is allocated to a UE, it is difficult for the UE to decide whether to use this resource to transmit UL traffic which requires shorter latency. It is because the UE does not know when a UL resource with a shorter TTI duration will be allocated, as described in R2-168040. However, if HARQ retransmission can be performed across different numerologies/TTI durations, the UE can use the currently available resource to transmit emergency UL traffic as early as possible. After that, if HARQ retransmission is needed, it still can be performed by using UL resources with a shorter TTI duration. From this point of view, supporting flexible HARQ retransmission between different numerologies/TTI durations can make UE easy to decide how to use the allocated resources to transmit its UL traffic.

	NTT DOCOMO
	Wait for RAN1
	We think that it can be allowed unless the significant challenge is foreseen. But, it will depend on RAN1 decision.

	Samsung
	Wait for RAN1
	This is depending on RAN1 decision.

	Panasonic
	Wait for RAN1
	


Different views expressed whether HARQ retransmission should be possible across different numerologies/TTI lengths. Note that some companies pointed out HARQ retransmission over different TTI length (on the same carrier) and different numerology on different carriers should be addressed separately. 
12 companies indicated it depends on RAN1 design. Since the potential benefit and complexity is mainly for RAN1 to evaluate, propose to leave it to RAN1 to decide.
Proposal 5: Leave it to RAN1 to decide whether HARQ retransmission be performed across different numerologies and/or TTI durations.
It was discussed in [6] whether different HARQ configuration is needed for different service/numerology/TTI duration, e.g. retransmission time, feedback time, assignment to actual transmission time, etc. RAN1 has agreed so far to support asynchronized adaptive HARQ which would not require maximum retransmission to be configured. And in LTE eLAA with multiple subframe scheduling and two steps scheduling, different assignment to actual transmission time are indicated via PDCCH which does not need RRC configuration. Companies are welcome to provide views on whether HARQ configuration needs to be numerology/TTI duration specific and if yes what parameters.
Question 6: Does HARQ configuration need to be numerology/TTI duration specific and if yes, what parameters?

	Company
	Yes/No
	Comments

	MediaTek
	Yes
	If HARQ retransmission is not performed across different numerologies, it can be modeled that one HARQ entity is per one numerology per carrier. So numerology specific HARQ can be configured based on its own TTI length.  It also implies all HARQ related timers are numerology dependent.

	Nokia
	Need to wait for RAN1
	Can only be decided after how HARQ operation works and what parameters need to be configured for HARQ become clearer in RAN1. 

	Ericsson
	No
	We agree with the observations by the rapporteur: We think the majority of these parameters would be conveyed by the grants and assignments, i.e. on PDCCH. The asynchronous HARQ operation is a fundament for this.

	Intel
	No
	Since only asynchronous adaptive HARQ, there should not be any HARQ configuration sent in RRC. Other than HARQ configuration, DRX configuration that are used on a per HARQ process, such as  (UL) HARQ RTT timer, drxRetransmissionTimer can be considered/discussed to be configured per numerology

	LG
	
	It is unclear so far what HARQ configurations are for asynchronous HARQ procedure. 

Regarding DRX configuration such as HARQ RTT Timer and drx-RetransmissionTimer, wouldn’t it be sufficient to have a common timer value (i.e., X TTI) but with different TTI length?



	Coolpad
	Wait for RAN1
	

	OPPO
	NO
	We think the HARQ can be performed cross numerologies, it’s not necessary that each numerology is configured with a specific HARQ entity, at least regarding different numerologies within the same carrier case.

	Huawei, HiSilicon
	No
	In the support of asynchronous HARQ across multiple numerologies, it’d be cleaner to not make HARQ parameters dependent on numerologies in use. However, it can be studied if HARQ parameters can be configured based on a reference numerology.

	Qualcomm
	Yes
	It is up to RAN1. It is desirable that HARQ configuration should be numerology specific. The details may be defined later.

	InterDigital
	No
	Agree that majority of the identified parameters can be configured through DCI (e.g. HARQ feedback delay is signaled dynamically or semi-statically per RAN1 agreements). Remaining non-dynamic parameters depend more on QoS rather than numerology/TTI duration, thus can be configured as part of a “HARQ profile” of the LCH. When the MAC PDU contains multiple LCHs, the HARQ process can use the profile associated with the highest priority LCH or with the LCH with the most stringent requirement.

	ETRI
	Yes
	Numerology specific HARQ configuration would be supported to support service specific handling (e.g. URLLC). Processing time, retransmission timer would be considered for configuration parameters. 

	ZTE
	Yes
	Considering the different numerology/TTI may lead to different RTT, we think the different HARQ configuration should be allowed for different numerology/TTI. In addition, it also FFS that whether the HARQ process can be shared among different numerology /TTI or not. 

	ITL
	Yes
	

	Spreadtrum
	No
	Same as Ericsson

	SONY
	NO
	We don’t think that HARQ should have to be numerology specific, but may depend on e.g. HARQ timers, and it should be possible to configure separate HARQ entities for different numerologies. 

	CATT
	Yes
	Some HARQ configuration, e.g, scheduling timing and feedback timing, according to LTE desing, it is dependent on the transmitted TTI duration, and it would be different for different TTI/numerology. 

For NR, we need to know more information from RAN1on the HARQ design firstly. 



	Lenovo/ MotM
	Need to wait for RAN1
	Agree with Rapporteur.

	Convida Wireless
	No
	We don’t think HARQ configuration has to be numerology specific however we also think it is premature to preclude the possibility to configure separate HARQ entities for different numerology/TTI before we have more detail from RAN1 on HARQ design.

	ITRI
	Yes
	It is not necessary to configure the retransmission time and the maximum number of HARQ transmissions for asynchronous HARQ. Besides, we think it is also not necessary to configure the feedback time for asynchronous UL HARQ transmission because the feedback can be based on the NDI of the next UL grant for the same process. The necessity of feedback time configuration for asynchronous DL HARQ transmission and assignment to actual transmission time configuration depends on RAN1’s HARQ design. If they are necessary, they may be numerology/TTI duration specific.

	NTT DOCOMO
	Wait for RAN1
	Agree to Nokia’s comment that the overall HARQ operation and the related parameters should be identified first. 

	Samsung
	Wait for RAN1
	This is depending on RAN1 decision, but eMBB and URLLC may have different HARQ timing due to different latency requirement.

	Panasonic
	Wait for RAN1
	


Different views expressed whether HARQ configuration need to be numerology/TTI duration specific. It depends on how RAN1 designs HARQ operation and also which parameters needs to be configured via RRC and which ones are indicated in PDCCH, so propose to wait more details from RAN1. 

Proposal 6: wait for more details from RAN1 to decide whether HARQ configuration needs to be numerology/TTI duration specific.
Note that HARQ RTT timer and retransmission timer were also mentioned by several companies, but those are more DRX configuration related for active time for PDCCH monitoring other than HARQ configuration for HARQ operation, which can be discussed separately.

2.3
Issue 3: FFS whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)
As agreed in the meeting, whether MAC is modeled with single or multiple MAC entities to support multiple numerologies/TTI durations depends on how the MAC functionalities are defined, e.g. answers to above questions on LCH to numerology/TTI duration mapping and HARQ operation, as well as LCP and multiplexing, SR, BSR, PHR, DRX etc. 
Some initial observations with different modeling is provided below in the table on understanding of how each function works with single or multiple MAC entities modeling. Companies are welcome to input on the details, adding more aspects to be considered if any and preferences.

	MAC functionalities
	Single MAC entity
	Multiple MAC entities
	Companies’ view/preference

	Mapping of LCH to multiple numerology/TTI duration if supported 
	Data split inside MAC, common modelling for CA with same or different numerologies
	Data split between RLC and MAC for CA with different numerologies, and inside MAC for CA with same numerology
	Mediatek: Single MAC;

Nokia: simpler to have single MAC to have common data split modeling with same or different numerologies.

LG: Single MAC entity is sufficient.

OPPO: single MAC
Huawei/HiSilicon: single MAC

Qualcomm: Single MAC entity handling different numerologies is a simpler model.

IDC: Mapping a LCH to multiple numerologies/TTI durations provides more flexibility to the scheduling, thus enabling lower latencies. The CA model is thus preferred.
ZTE: Single MAC should be supported.
SONY: Single MAC
CATT: single MAC entity
Convida Wireless: Single MAC entity
ITRI: LCH is the interface between RLC and MAC. If mapping of LCH to multiple numerologies/TTI durations is supported, it means that there is only one MAC entity between LCH and multiple numerologies/TTI durations.
NTT DOCOMO: Single MAC

Samsung: Prefer to have LCH mapping to multiple numerologies. This should be supported by single MAC entity.

	LCP and multiplexing
	Additional restriction in LCP to restrict only to put LCHs configured to be mapped to the corresponding numerology/TTI durations
	LCP only handles the LCHs that are mapped to the corresponding MAC entity
	Mediatek: Additional restriction to only put LCHs to its own configured numerologies

Nokia: Single MAC where the UE fills the uplink scheduled TBS with data from its LCHs according to LCP configurations.

Ericsson: For example, each LCH can be configured with a "maximum TTI duration" which together with existing parameters for prioritization (e.g. QCI) can be used to prevent that URLLC gets scheduled on too long TTIs.

LG: With single MAC entity, LCP should be performed for LCHs with the same numerology.
OPPO: The single MAC should fills the UL grants with packets from its associated LCH, but if there is left space, it’s not restricted that the left space can be re-filled by other LCHs.

Huawei/HiSilicon: single MAC, where LCP is performed per numerology; a logic channel can be given different priorities when LCP is performed on different numerologies, as discussed in R2-167575. 

Qualcomm: Additional restriction in LCP to restrict mapping rules.

IDC: Single MAC entity, but since a MAC PDU is produced for each numerology, LCP can be performed per numerology/TTI duration.
ZTE: Additional restriction in LCP is needed.

CATT: single MAC, and LCP needs to take into account on the mapping between the numerology/TTI and LCH, and the priority of different UL grants at the same time.
Convida Wireless: Single MAC entity with additional restrictions in LCP to restrict mapping rules.
NTT DOCOMO: Single MAC with additional restriction

Samsung: LCP can handle LCH mapping to corresponding numerologies.

	SR
	Not clear yet in RAN1 whether SR is per numerology, if so additional restriction in SR triggering to restrict to LCHs configured to be mapped to the corresponding numerology/TTI durations
	SR is triggered by the LCHs that are mapped to the corresponding MAC entity 
	Mediatek: Keep per-UE SR as baseline. After network responses the SR, BSR considering all LCs can be sent to the network. Per-numerology SR can be considered as a potential optimization. However, RAN1 is also considering grant-free transmission for URLLC without SR. 

Nokia: Default is to have SR resource per UE.

Additionally, it may be desirable to have the possibility to configure a UE to have the SR include information on which LCHs has triggered the request. However, this will depend on the SR design in RAN1 and the cost of having such richer information in the SR.

LG: SR per UE should be the baseline. Additionally, SR per logical channel or per group of logical channels can be discussed further.
Huawei/HiSilicon: Trigger of SR is related to data in a logical channel, and a logical channel can be mapped to multiple numerologies. Separate MAC per numerology would cause multiple SRs when data arrive in one logical channel, if it is mapped to multiple numerologies. With single MAC, it can still be possible to configure SR per group of logical channels.   

Qualcomm: Per-UE SR is the baseline. It is better to wait for RAN1 design.

IDC: Depends on whether an SR will be used to request a grant for URLLC.  If an SR is needed, then we think the SR cannot just be UE specific as the gNB needs to be aware on what type of data will be transmitted in order to grant the right type of resources. Additionally, the SR for URLLC needs to be fast enough.
ZTE: Numerology/TTI specific SR should be supported.

CATT: Numerology/TTI specific SR can be considered.
Convida Wireless: Per UE SR is the baseline. Other options (e.g. SR per logical channel or LCG, etc.) to be considered in function of RAN1 design.
ITRI: Sending SR on specific numerology/TTI duration to request resources for emergency UL traffic can be considered. Both single MAC entity and multiple MAC entities can support this feature.
NTT DOCOMO: Per-UE SR can be a baseline assuming that one MAC scheduler allocates the radio resources.

	BSR
	BSR could cover all LCHs
	BSR could cover all LCHs that are mapped to the corresponding MAC entity, also possible to have cross MAC entity BSR report as done for PHR for DC in LTE
	Mediatek: BSR considers all LCHs. 

Nokia: It is beneficial to have BSR cover all LCHs with collocated scheduler.

Intel: It would good to have mechanism to prevent buffer status reports for a logical channel that is not carried over that numerology.  Even for single MAC entity, we believe this can be achieved by different mechanisms.  

LG: BSR per UE should be the baseline. Additionally, BSR per logical channel or BSR per QoS can be discussed.

Huawei/HiSilicon: There is no benefit of having separate MAC per numerology, and then requiring across MAC BSR. Single MAC should be supported.

Qualcomm: BSR covers all LCHs.

IDC: BSR covers all LCHs; we may need to consider when more detailed information than in LTE long BSR is needed, as there may be more categorization of LCHs (QoS, numerologies, TTI lengths).
ZTE: BSR could cover all LCHs that are mapped to the corresponding MAC entity.

SONY: Agree with LG.
CATT: BSR should be UE based and includes all LCH information.
Convida Wireless: BSR per UE and cover all LCHs. Agree with LG that additionally, BSR per logical channel or BSR per QoS can be discussed.
ITRI: BSR could cover all LCHs and be transmitted on any cell/numerology/TTI duration. Coordination between multiple MAC entities is needed to support this feature. So single MAC entity is more suitable for BSR operation.
NTT DOCOMO: It will be simpler to consider all the LCHs.
Samsung: BSR to cover all LCHs mapped to different numerologies.

	PHR
	Not clear yet in RAN1 how PHR works, possible to cover all cells/numerology/TTI duration
	PHR could cover all LCHs that are mapped to the corresponding MAC entity, also possible to have cross MAC entity as done for DC in LTE
	Mediatek: Different numerologies on same or different carriers shares the total UE power and each carriers has Pcmax,c. Keep current principle that PHR carriers the information about the difference between the nominal UE maximum transmit power and the estimated power per carrier. 

Nokia: PHR should report the power headroom for all activated SCells regardless of MAC modelling. The details should be studied in RAN1 and RAN4.

Huawei/HiSilicon: There is no benefit of having separate MAC per numerology, and then requiring across MAC PHR. Single MAC should be supported.
CATT: PHR should reflect the UE power information on all serving cells.
Convida Wireless: Premature to discuss this in any detail but could assume power headroom for all activated SCells regardless of MAC modelling is the baseline.
ITRI: PHR could cover all cells/numerologies/TTI durations and be transmitted on any cell/numerology/TTI duration. Coordination between multiple MAC entities is needed to support this feature. So single MAC entity is more suitable for PHR operation.
NTT DOCOMO: RAN1 should first clarify the fundamental TPC/PHR mechanism for NR.

	HARQ operation
	Possible to support cross numerology/TTI duration HARQ retransmission if need to be supported. 

Note that even with single MAC entity, it should be possible to have separate HARQ entity as already so for CA, which should be decided separately (related to Q4).
	Difficult to support cross numerology/TTI duration HARQ retransmission
	Mediatek: Single MAC entity, with each HARQ entity corresponding to one numerology per carrier. 

Nokia: From RAN2 point of view, no showstopper to have single HARQ but more overhead for indicating HARQ processes is expected. It can be decided after RAN1 concluded how HARQ works

LG: From RAN2 point of view, it is possible that HARQ entity is configured per cell, and one HARQ process supports multiple numerologies.

OPPO: Single MAC entity with single HARQ entity for all the numerologies
Huawei/HiSilicon: From RAN2 point of view, we don’t see the need of limiting HARQ process to be per numerology. On the contrary, we see this kind of unnecessary restriction to cause extra burden in deciding which numerology to be used for the initial transmission, given the possibly very dynamic nature in the future traffic and channel conditions.
Qualcomm: single MAC entity, and HARQ does not need to be cross numerology/TTI duration. Wait for RAN1 to conclude.

IDC: Related to Q4-6
ZTE: More input from RAN 1 is needed.

SONY: Single MAC entity. Even if multiple MAC entities would be supported, the HARQ retransmission should not be cross scheduled over different MAC entities,
CATT: single MAC, and HARQ process does not need to be cross numerology. 

Convida Wireless: We think from RAN2 perspective it should be possible to support HARQ retransmission across different numerologies and/or TTI durations if RAN1 design doesn’t not limit this option.
ITRI: Multiple MAC entities are difficult to support HARQ retransmission across different numerologies/TTI durations.
NTT DOCOMO: Up to RAN1 decision.
Samsung: Wait for RAN1 decision on HARQ functionality.

	DRX
	Simpler to have common DRX
	Simpler to have independent DRX per MAC entity
	Mediatek: Common DRX

Nokia: Simpler to have a common DRX if operating with single MAC entity

Intel: Even with a single MAC entity, it may depend on numerology (e.g. high/low band etc.) where DRX configuration can be different

LG: Common DRX seems sufficient, but HARQ RTT Timer and HARQ Retransmission Timer need to be operated based on numerology.
OPPO: DRX configuration could be different for different numerologies, we need to consider some dynamic way of setting the parameter of timers, for example, HARQ RTT TIMER is different for different duration

Huawei/HiSilicon: Single MAC allows the flexible configuration of common DRX or numerology specific DRX.

Qualcomm: Separate DRX configurations are provided per numerology so that they can be executed separately per numerology. DRX period for each numerology need to be an integer multiple of the other numerologies with shorter periods and all DRX configurations share the same offset so it is coordinated by a single MAC entity.  
ZTE: Common DRX. However, since the DRX is tight coupled with TTI, the numerology/TTI specific DRX parameters (e.g.InactivityTimer, RetransmissionTimer) should be allowed.

Spreadtrum: From perspective of battery consumption, common DRX is preferred.

CATT: Common DRX. Active time is same but the part of DRX configuration can be numerology/TTI specific.
Convida Wireless: Both Common DRX and Numerology Specific DRX should be further studied.
NTT DOCOMO: Common DRX with single MAC will be simple


Ericsson: We agree with the analysis of the pros and cons and we prefer a single MAC entity.

Intel: We generally agree with the Rapporteur’s observations
Coolpad: We agree with the analysis of Nokia and prefer single MAC entity.
OPPO: we agree with the single MAC entity proposal

Huawei/HiSilicon: Not only can single MAC accomplish functionalities of separate MAC per numerologies, it provides extra operation flexibility that separate MAC could not. Hence, we prefer single MAC entity approach.

InterDigital: Considering the arguments above, we prefer the single MAC entity modelling.

ETRI: we prefer the single MAC entity.
ZTE: We also agree with the analysis of Nokia and prefer single MAC entity.
ITL: we also agree with the Rapporteur’s observation and prefer a single MAC entity.
Spreadtrum: We prefer single MAC entity, or it’s complicated for several MAC entities to coordinate on UE capability.
SONY: We prefer the single MAC entity approach, but support for multiple MAC entities should not excluded for future configuration. 
CATT: We prefer a single MAC entity, but for HARQ operation we need more information from RAN1 about HARQ design. 
Convida Wireless: A single MAC entity is preferable.
ITRI: We prefer single MAC entity.
Samsung: Prefer single MAC entity.

Panasonic: we prefer single MAC entity.
Consensus to model multiple numerology/TTI length in a single MAC entity and LCP takes care of the restriction of logical channel to numerology/TTI length mapping. For other functions on SR/BSR/PHR/DRX, LTE is the baseline and if any enhancement is needed can be discussed further with single MAC entity.

Proposal 7: a single MAC entity can support one or more numerology/TTI durations. 

Proposal 8: LCP takes care of the restriction of logical channel to numerology/TTI length mapping.
3
Summary
3.1
Issue 1: FFS whether a single logical channel can be mapped to one or more numerology/TTI duration 

All the companies agree that ARQ should be independent from numerologies/TTI length and a LCH should be able to be mapped to multiple numerologies/TTI durations if a radio bearer is mapped to multiple numerologies. Majority companies (16 vs. 4) think it should be possible to reconfigure the mapping between logical channel and numerology/TTI length.
Proposal 1: a single logical channel can be mapped to one or more numerology/TTI duration. 
Proposal 2: ARQ can be performed on the numerologies/TTI lengths that the LCH is mapped to. 
Proposal 3: The RLC configuration is per logical channel without dependency on numerology/TTI length. 
Proposal 4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

3.2
Issue 2: FFS whether a single HARQ entity can support one or more numerology/TTI duration

Different views expressed whether HARQ retransmission should be possible across different numerologies/TTI lengths. Note that some companies pointed out HARQ retransmission over different TTI length (on the same carrier) and different numerology on different carriers should be addressed separately. 12 companies indicated it depends on RAN1 design. Since the potential benefit and complexity is mainly for RAN1 to evaluate, propose to leave it to RAN1 to decide.
Different views expressed whether HARQ configuration need to be numerology/TTI duration specific. It depends on how RAN1 designs HARQ operation and also which parameters needs to be configured via RRC and which ones are indicated in PDCCH, so propose to wait more details from RAN1. 

Proposal 5: Leave it to RAN1 to decide whether HARQ retransmission be performed across different numerologies and/or TTI durations.
Proposal 6: wait for more details from RAN1 to decide whether HARQ configuration needs to be numerology/TTI duration specific.
3.3
Issue 3: FFS whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

Consensus to model multiple numerology/TTI length in a single MAC entity and LCP takes care of the restriction of logical channel to numerology/TTI length mapping. Other functions on SR/BSR/PHR/DRX, LTE is the baseline and if any enhancement is needed can be discussed further.

Proposal 7: a single MAC entity can support one or more numerology/TTI durations. 

Proposal 8: LCP takes care of the restriction of logical channel to numerology/TTI length mapping.
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