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1 Introduction
In the RAN2 NR AH #2 meeting, we discussed various aspects of LCP. More specifically, the following agreements were made.
	Agreements
1. At least numerology and TTI length are included/taken into account for restriction for LCP.
· FFS if any other parameters need to be considered for LCP.
· FFS how LCP is modeled.
· FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC.



Although RAN2 agreed that at least numerology and TTI length are considered for LCP, these parameters are primarily dealt with by RAN1. As a result, RAN2 is required to understand the RAN1 discussion on how numerology and TTI length are identified by a UE. It will be helpful for RAN2 to develop the overall procedure of LCP. In this context, we will focus on the following issue in this contribution.
· Review the RAN1 agreements that are related to the LCP discussion in RAN2.
2 Discussion
According to the agreements in the previous RAN2 meeting, the mapping restriction between a LCH and a given UL resource should be determined by considering at least the numerology and TTI length of the UL resource. How a gNB lets a scheduled UE know the numerology and TTI length will be concluded by RAN1. However, RAN2 is now discussing (i) the necessity of “profile (or index)” to abstract the physical characteristics (e.g., numerology and TTI length) of the UL resource and (ii) how the profile is signaled to the UE (e.g., via RRC and/or DCI). Note that RAN2 has not finalized a list of parameters that will be considered for LCP so that these issues about the profile still remain open. However, at least for the already agreed parameters (i.e., numerology and TTI length), reviewing the RAN1 procedures in which the UE gets to know these parameters will be useful to make further progress on the profile-related issues in RAN2.
Observation 1: Understanding the RAN1 procedures in which how a UE gets to know numerology and TTI length will be useful for the LCP discussion in RAN2, especially for the profile/index issues.

(1) Identification of numerology (i.e., SCS) by bandwidth part
During the RAN1 discussion on DL/UL data scheduling, they agreed to introduce the concept of “bandwidth part”. Initially, it was considered for a UE that is not capable of supporting the carrier bandwidth. When such a UE is scheduled, a gNB indicates a bandwidth part first and then the PRBs within the bandwidth part. The related agreements are shown as follows [1].
	R1-1703781	Resource allocation for data transmission	Huawei
Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth



After having the working assumption [2] in Appendix, RAN1 agreed more details of the bandwidth part concept. It basically said that (i) a UE can have one or multiple bandwidth part configurations that are semi-statically signaled by a gNB and (ii) each bandwidth part is associated with a specific numerology (i.e., SCS and CP length). In addition, the UE assumes that Tx/Rx within a configured bandwidth part are performed using the associated numerology. The related agreements are shown as follows [3].
	R1-1709519	WF on bandwidth part configuration	OPPO, Ericsson, Huawei, HiSilicon, MediaTek, Intel, DOCOMO, LGE, ETRI, CATR, NEC, ZTE, CATT, Samsung,
Agreements:
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching



On top of these agreements, RAN1 in their most recent meeting discussed the related scenarios and decided to prioritize the case where only one bandwidth part is active for a UE [4], as captured in Appendix.
As a result, it is obvious that a UE can identify the numerology of each allocated UL resource by following steps and that MAC can simply use it for the purpose of LCP.
1 The gNB informs the UE of bandwidth part configuration(s) for each component carrier.
2 The UE receives a UL grant and check the bandwidth part in which the UL resource is allocated.
3 Based on the mapping information between the bandwidth part and the numerology, the UE can identify the numerology of the allocated UL resource.
Observation 2: A UE can identify the numerology of each allocated UL resource based on the mapping information between a bandwidth part and a specific numerology.

(2) Identification of TTI length-like information
In LTE, several PHY/MAC operations such as scheduling, HARQ and DRX are performed based on TTI whose length is 1 ms. At each TTI, transport blocks are passed from the MAC layer to the PHY layer and scheduling information is transmitted by an eNB. In addition, physical resources are allocated on the basis of two resource blocks for one TTI. Consequently, both of the scheduling interval and the transmission duration are equal to the TTI length.
On the other hand, the NR scheduling procedure is now being designed to support multiple services with different requirements (e.g., eMBB and URLLC) by using a common framework. For this purpose, RAN1 agreed to have (a) the monitoring periodicity of control information and (b) the transmission duration of UL data, where (a) and (b) are controlled by a gNB independently, as shown in Fig. 1(a). The related agreements are shown as follows [2].
	R1-1706321	WF on control and data	NTT DOCOMO, INC. ZTE, Ericsson, Samsung, CATT, OPPO, vivo, Nokia, Motorola Mobility, Lenovo, Panasonic

Agreement:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note : 1-symbol case may be restricted depending on the BW.



It should be noted that the relations between the monitoring periodicity and the transmission durations still remain open. On top of these agreements, it was also agreed that (i) the monitoring periodicity is configured by UE-specific higher-layer signaling and that (ii) the transmission duration is dynamically indicated by DCI. The related agreements are captured in Appendix [4][5].
From the RAN2 point of view, we need to clarify the term “TTI length” that was agreed to be taken into account for LCP. Several interpretations are possible in the context of NR and some of them are explained as follows.
1 Since the UE in LTE can be scheduled per TTI by receiving PDCCH, the term “TTI length” can be interpreted as the monitoring periodicity of the NR control information.
· However, depending on the FFS highlighted above, it might (or not) be possible that the monitoring interval is short while the transmission duration is long (e.g., slot aggregation), as shown in Fig. 1(c). In this case, whether such a setting corresponds to short TTI is unclear.
2 Since the UE in LTE transmits UL data during one TTI whenever it is scheduled, the term “TTI length” can be interpreted as the transmission duration of UL data.
· However, depending on the FFS highlighted above, it might (or not) be possible that the transmission duration is short while the monitoring interval is long, as shown in Fig. 1(b). In this case, whether such a setting corresponds to short TTI is unclear.
3 Since TTI length is proportional to the time from data transmission to ACK/NACK reception in LTE, especially for UL synchronous HARQ in FDD, the term “TTI length” can implicitly mean this time.
· However, it is difficult to represent this time in terms of the monitoring interval and the transmission duration since it can be varied depending on scheduling (i.e., asynchronous HARQ).



Figure 1 Illustration of monitoring periodicity of NR control information and transmission duration

As described above, the term “TTI length” that was agreed to be taken into account for LCP seems hard to be exactly defined at the moment, although its meaning is understandable. It should be noted that RAN2 already identified the issue on how to deal with the time unit in the MAC specification. In addition, it is also expected that RAN1 will discuss the further details of the monitoring interval, the transmission duration, the relations between them, and so on. As a result, RAN2 is required to discuss in detail how a UE identifies the TTI length or any equivalent parameter for LCP in accordance with the RAN1/2 progress on the related issues.
Observation 3: The term “TTI length” that was agreed to be taken into account for LCP seems hard to be exactly defined at the moment, since the RAN1/2 discussion on time unit and control/data channels is still ongoing.
Proposal 1: In accordance with the relevant RAN1/2 discussion, RAN2 is required to discuss in detail how a UE identifies TTI length or any equivalent parameter for LCP. It will be helpful to determine not only the necessity but also the signaling method of the profile/index.
3 Conclusions
Observation 1: Understanding the RAN1 procedures in which how a UE gets to know numerology and TTI length will be useful for the LCP discussion in RAN2, especially for the profile/index issues.
Observation 2: A UE can identify the numerology of each allocated UL resource based on the mapping information between a bandwidth part and a specific numerology.
Observation 3: The term “TTI length” that was agreed to be taken into account for LCP seems hard to be exactly defined at the moment, since the RAN1/2 discussion on time unit and control/data channels is ongoing.
Proposal 1: In accordance with the relevant RAN1/2 discussion, RAN2 is required to discuss in detail how a UE identifies TTI length or any equivalent parameter for LCP. It will be helpful to determine not only the necessity but also the signaling method of the profile/index.
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5 Appendix
· RAN1 #88bis [2]
	R1-1706745	Way Forward on bandwidth part in NR	MediaTek, Huawei, HiSilicon, Ericsson, Nokia
Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM



· RAN1 NR AH #2 [4]
	R1-1711788	Way forward on further details of bandwidth part operation 	Intel, AT&T, Huawei, HiSilicon
Agreement:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously
· One TB is mapped per each active BWP. 
· FFS: The multiple active BWPs may overlap in frequency domain.
· FFS: Cross-BWP scheduling is supported.



· RAN1 NR AH #2 [4]
	Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.
· Frequency-domain resources, which may or may not be contiguous
· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency
· FFS: exact size and number of contiguous parts for a CORESET
· Starting OFDM symbol
· Time duration
· REG bundle size if the configuration is explicit
· Transmission type (i.e., interleaved or non-interleaved)
· More parameters may be added if agreed
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.
· Monitoring periodicity
· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates
· FFS: relation with DRX
· FFS: default/fallback value



· Summary of E-mail Discussion on DCI Content (R1-1711567) [5]
Table 1 Uplink-related DCI
	Information
	Comment

	Resource info
	Carrier indicator
	for cross-carrier scheduling

	
	Frequency-domain PUSCH resources - PRBs
	Resources in the frequency domain

	
	Time domain PUSCH resources
	Indicate start/stop of the OFDM symbols used for data in the slot/mini-slot including number of slots (in case of slot aggregation). Including cross-slot scheduling

	MCS and TB size
	MCS
	Modulation and coding scheme
For one TB, multiple entries if we have multiple TBs. TB size can be derived from MCS and resource allocation

	CBG and HARQ-related info
	New data indicator
	For one TB, multiple bits if we have multiple TBs

	
	Redundancy version
	For one TB, multiple bits if we have multiple TBs

	
	HARQ process number
	HARQ process number

	
	CBG information
	The UE needs to know which CBGs to (re)transmit

	Power control
	PUSCH power control
	

	Multi-antenna related information
	CSI-RS resource indicator
	For scheme B: indication of DL measurement RS for UE to calculate candidate precoder. Note! Unclear if part of DCI or not.

	
	SRS resource indicator (SRI)
	To indicate a reference SRS resource (from a previous bundle of transmitted SRS resources) the UE should use for PUSCH. FFS if subband SRI is supported.

	
	wideband and/or subband TPMI
	To select a transmit precoding matrix from the UL codebook

	
	Antenna port(s), scrambling identity and number of layers
	

	CSI-related information
	
	

	SRS-related
	SRS resource transmission request
	To trigger a SRS resource transmission from a pre-configured set of SRS resources

	RNTI
	RNTI
	Identity of the UE (or group of UEs)
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