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1 Introduction

During the NR SI phase, RAN2 made the following agreements on MAC modelling at the January NR AH meeting [1]:
	Agreements

· A single logical channel can be mapped to one or more numerology/TTI duration. 

· Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

· A single MAC entity can support one or more numerology/TTI durations. 

· LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase


In RAN2#97bis, RAN2#98, and RAN2 NR AH2 meetings, details on how to configure logical and implement channel selection in LCP were discussed. The following related agreements were reached [2-4]:

Agreements 

· For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled

· For LCP and to know which restrictions to use, the MAC needs to be aware of more information than just TTI length (e.g. numerology). A transmission based on index or profiles can be supported.   Exact parameters are FFS.

Agreements 

· 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 modelled

This contribution discusses logical channel selection in LCP based on the numerology and the time duration of the PUSCH resource, along with repercussions on MAC and RRC specifications. Our companion contribution [8], discusses logical channel selection in LCP based on transmission profiles. 
2 LCH Selection based on PUSCH Duration
TS 38.321 [5] mentions that a subset of “Relevant logical channels for the UL grant” are considered in the LCP procedure for a given grant. This is unlike LTE, where all LCHs are considered in the steps of LCP. The aim is to include only LCHs of QoS profiles that can be met using the issued UL grant type. From a PHY perspective, the network scheduler may differentiate the grant in different manners to meet the QoS in terms of latency and reliability requirements. PHY parameters and properties involved may include the OFDM subcarrier spacing of the issued resource, the cyclic prefix configuration, the bandwidth part used, the data transmission duration of the PUSCH resource, the delay between the assignment of the grant and UL transmission, the HARQ RTT, the PDCCH monitoring period, the UL transmission power, usage of MIMO, and the usage of TTI bundling. These parameters are not necessary tied to the time duration of the PUSCH resource, and the scheduler may use a combination of these parameters to achieve the necessary QoS requirements of the uplink data.
Observation 1:
In addition to the numerology and TTI length, a scheduler implementation may use a combination of multiple PHY parameters to achieve the necessary QoS requirements of the uplink data.
During the January NR AH1 meeting in the SI phase, RAN2 made a general agreement to take into account “numerology/TTI duration” restrictions in LCP when selecting LCHs. At the time, the NR scheduling details were not developed and were still under discussion in RAN1, and context for it was TTI/sTTI in LTE -which has a limited set of supported TTIs-.
Interpreting the “TTI duration” such that it literally means that the mapping for multiplexing of data in a transport block is based on the time duration of the PUSCH resource and to exclude LCHs not configured with the exact time duration of the issued UL grant is limiting on the gNB scheduler. This is because it assumes that a scheduler enforces QoS in the allocation of resources only based on TTI duration and not based on a more comprehensive strategy including other physical layer aspects as per observation 1 above. Such interpretation undermines RAN1’s design on the NR scheduling procedure, and thus may impact the spectral efficiency of NR.
As explained in RAN1’s summary of the agreed UL-related DCI contents [6], the DCI supports transmission durations that may range from 1 symbol to 14 symbols, and up to multiple slots if slot aggregation is used:

	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


If RAN2 specifies a LCH mapping based on the time duration of the PUSCH resource, it will place restrictions on the scheduling flexibility and limit the forward compatibility of NR R15 while being incoherent with RAN1’s DCI design. 
 Observation 2:
LCH selection in LCP based on the duration of the PUSCH resource limits the scheduling flexibility and the forward compatibility of the R15 NR specifications.
In addition, such literal interpretation about selecting LCHs based on the exact time duration of the PUSCH resource also has an inherent complexity and overhead from the control plane perspective. Indeed, it would require that RRC signalling supports all possible combinations. The number of possible TTI durations the RRC specifications must support in such case roughly scales by the # numerologies × # TTI lengths, where the # TTI lengths is roughly equal to # possible symbols per mini-slot + # possible slots in aggregation. Appendix A includes further analysis to illustrate the worst-case number of {numerology, TTI length} combinations to be supported by specifications, followed up by an example illustrating the corresponding RRC signalling overhead.
Observation 3:
LCH selection in LCP based on the duration of the PUSCH resource requires the RRC specifications to support a significant number of numerology and TTI length combinations.
Another alternative discussed in previous meetings is to rather configure LCHs with a “maximum TTI duration”, which represents an upper limit on the time duration of the PUSCH resource for each LCH. Such method assumes a direct correlation between the latency and reliability requirements of the LCH and the duration of the PUSCH resource. Such assumption cannot be made for NR though, as multiple PHY parameters need to be considered to guarantee the latency and reliability of some services, such as URLLC. Further, such modelling effectively means that all LCHs map to resources granted for high priority LCHs, including PUSCH resources of mini-slot durations, which may not desirable for some services in NR (e.g. best effort/high reliability data).
Observation 4:
Configuring LCHs with a “maximum TTI duration” assumes a direct correlation between the latency and reliability requirements of the LCH and the duration of the PUSCH resource.
In order to avoid the aforementioned issues, LCH selection in LCP can instead be realized using a mapping based on transmission profiles configured by RRC, whereby each grant is associated with a specific profile. The details of such approach is discussed in our companion contribution [8]. A summary of LCH selection alternatives in LCP, including a pros and cons comparison, is also included in [8].
Consequently, it is proposed that the agreement that “a logical channel is mapped to one or more numerology/TTI duration for NR MAC LCP” not be taken literally and instead be reworded in a context coherent with RAN1 progress:

Proposal:
NR MAC LCP supports a flexible mapping mechanism that enables multiple, network-controlled mapping strategies including mapping a single LCH to one or more numerology/TTI duration.

3 Conclusion
In this contribution, the following observations were made on LCH selection in LCP based on the numerology and the time duration of the PUSCH resource:
Observation 1:
In addition to the numerology and TTI length, a scheduler implementation may use a combination of multiple PHY parameters to achieve the necessary QoS requirements of the uplink data.
 Observation 2:
LCH selection in LCP based on the duration of the PUSCH resource limits the scheduling flexibility and the forward compatibility of the R15 NR specifications.
Observation 3:
LCH selection in LCP based on the duration of the PUSCH resource requires the RRC specifications to support a significant number of numerology and TTI length combinations.
Observation 4:
Configuring LCHs with a “maximum TTI duration” assumes a direct correlation between the latency and reliability requirements of the LCH and the duration of the PUSCH resource.

Consequently, it is proposed that the agreement that “a logical channel is mapped to one or more numerology/TTI duration for NR MAC LCP” not be taken literally and instead be reworded in a context coherent with RAN1 progress:
Proposal:
NR MAC LCP supports a flexible mapping mechanism that enables multiple, network-controlled mapping strategies including mapping a single LCH to one or more numerology/TTI duration.
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5 Appendix A – The Relevance of Numerology and TTI Duration for Logical Channel Selection in LCP
5.1 Worst-case Number of Combinations to Support

According to RAN1’s LS to RAN2 on the NR subframe and slot structures [7], the following table shows the number of possible TTI lengths per numerology and per CP configuration, considering transmission on K consecutive slots is possible in case slot aggregation is used:

	Number of possible TTI lengths per slot configuration

	
	Normal CP
	Extended CP

	
	7 symbols/slot
	14 symbols/slot
	6 symbols/slot
	12 symbols/slot

	SCS = 15 kHz
	6 + K
	13 + K
	N/A
	N/A

	SCS = 30 kHz
	6 + K
	13 + K
	N/A
	N/A

	SCS = 60 kHz
	6 + K
	13 + K
	5 + K
	11 + K

	SCS = 120 kHz
	N/A
	13 + K
	N/A
	N/A

	Total number of possible configurations for the time duration of the PUSCH resource (sum of entries) = 86 + 9K


If K = 7 for instance, the number of possible {numerology, TTI length} configurations the RRC specifications must support is 149 configurations; The number of bits required to signal a single set for a single LCH is therefore 8 bits.
5.2 RRC Signalling Overhead
For an NR frame structure configured with two numerologies:

· 15 kHz SCS, slot length of 7 symbols 

· 60 kHz SCS, and a slot length of 14 symbols/slot for NCP and 11 symbols/slot for ECP 
For a UE configured with eMBB and URLLC services and three logical channel:

LCH 1 (URLLC)
· Supports transmissions with mini-slots of length up to 5 slots.

· Only supports the 60 kHz numerology

· The number of possible {numerology, TTI length} sets configured for this LCH = 5+5 (NCP and ECP); 
Number of required RRC configuration bits = 10 × 8 = 80 bits

LCH 2 (eMBB)

· Supports transmissions with slots, mini-slots, and slot-aggregation up to 7 consecutive slots.

· Supports both numerologies, SCS of 15 and 60 kHz

· The number of possible {numerology, TTI length} sets = (6+7) + (13+7) + (11+7); 
Number of required RRC configuration bits = 408 bits

LCH 3 (SRB)

· supports transmissions with slots and mini-slots.

· Supports SCS of 15 and 60 KHz

· The number of possible {numerology, TTI length} sets = (6+1) + (13+1) + (11+1); 
Number of required RRC configuration bits = 264 bits

· Total size of the RRC configuration message for this UE = 80 + 408 + 264 = 752 bits
If the UE is configured with multiple eMBB LCHs, the number of required bits is even more significant. For example, for a UE configured with 4 eMBB LCHs similar to LCH2, the size of the RRC configuration message is raised to 1.63 Kbits. 
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