3GPP TSG-RAN WG2 #98                                                                                   
          R2-1704946
Hangzhou, China, 15 - 19 May 2017                                                                
Agenda Item:
10.3.1.5
Souce:
MediaTek Inc.
Title:
SR/BSR design for multiple numerology 
Document for:

Discussion and decision
1 Introduction
In RAN2#97bis[1], there is discussion on how to enable SR/BSR procedure to support services with different latency requirement. The agreement about SR and BSR is then made as below.
Agreements on SR/BRS

-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   

-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed
In this paper we propose our view on how SR indicate the numerology/TTI type of the logical channel that triggered the SR. Also, from our observation we do not see the necessity to have multi-bit SR in NR from the perspective of resource efficiency and scalability. 

2 Discussion
Different traffic such as that from URLLC and eMBB services have different latency requirement. To satisfy their QoS requirement, it is agreed that SR distinguish the “numerology/TTI type” of the logical channel that triggered the SR, so that gNB could configure timely UL grant for UE to send UL data or BSR.

Observation 1: By delivering “numerology/TTI type” of the logical channel that triggered the SR through SR reception, gNB could respond with timely UL grant for UL data or BSR transmission.

To distinguish the “numerology/TTI type” of the logical channel, there should be a mapping between the received SR and the corresponding numerology/TTI type, so that gNB knows the “numerology/TTI type” of the logical channel upon receving the SR. To distinghish numerology/TTI type, SR should be able to carry more information, e.g., by configuring multiple SR resources or multi-bit SR, to have the ability of numerology/TTI distinguish. 
Observation 2: There is a mapping between SR and “numerology/TTI type”, and SR mapped to different numerology/TTI type may be differentiated by distinct SR resource or be indicated by more SR bits.

Remember that in RAN2 NR Ad Hoc [2], we have the following agreement
Agreements for support of multiple services/numerologies
1: a single logical channel can be mapped to one or more numerology/TTI duration. 

From the agreement and observation 2, it is natural to have a two-stage mapping among logical channel, numerologies, and SR configuration, where each SR configuration includes SR resource configuration and SR content. That is, a single logical channel maps to one or more numerologies, and each numerologies maps to one or more SR configurations, as illustrated in Figure 1. The two-stage mapping suggests that when UE send SR with a specific SR configuration, network knows the available numerology/numerologies for UE to deliver BSR and transmit UL data for the LCH(s) which trigger SR, and thus could grant UL resource on the correct numerologies accordingly. Figure 1 shows two alternatives of SR configuration:
Alt 1. Mutiple SR resource configutrations:

Multiple SR resource configurations and single bit SR content, as illustrated in Figure 1(a), i.e., use separate SR resource to distinguish numerologies, and each SR carries 1 bit following the design in legacy LTE.
Alt 2. Multi-bit SR

Single SR resource configuration and multi-bit SR content, as illustrated in Figure 1(b), i.e. use explicit bits to indicate the numerologies corresponding to the LCH(s) who trigger SR.
Also, notice that in Figure 1 LCH is mapped to one or more numerologies rather than one or more TTI durations because we think it is numerology that is sufficiently characterize the channel and determine the resulting QoS.
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Proposal 1: A single logical channel maps to one SR configurations. 
Proposal 2: Logical channels share the same numerology(s) is mapped to one Logical channel group. 

To distinguish the numerology of SR configuration, we prefer to apply multiple SR resource configuration rather than multi-bit SR for three reasons:
Design effort
To support multi-bit SR, additional channel design effort is required. As for multiple SR resource confgiruation, we could reuse legacy LTE design.
Resource consumption
It is desired that gNB could provide separate QoS treatment for arrival traffic on different LCH, i.e. UE has URLLC and eMBB traffic at the same time. To support separate QoS treatement for different traffic types, SR should be able to indicate the presence of traffic from multiple numerology/LCH at the same time. 

To indicate the multiple SR intentions on N numerologies, either N SR resource configuration or N-bit SR (i.e. bitmap) is required. For multi-bit SR, SR periodicity of the multi-bit SR should be short enough to satisfy the numerology with the most tightest latency requirement among all supported numerologies. In contrast, for multiple SR confgiruation, each numerology could be independently configured with distinct SR periodcity depending on the latency requirement, as illustrated in Figure 2. Thus, multiple SR resource configuration is more resource efficient.
Scabaility
For multi-bit SR, the physical channel may need to be redesigned if more bits need to be carried in SR. In contrast, to carry in SR more information in addition to numerology/TTI duration, gNB just need to configure more SR resources.
Observation 3: To carry numerology/TTI duration information by SR, multiple SR configurations has advantage over multi-bit SR from the perspective of design effort, resource consumption, and scability.
Proposal 3: NR MAC adopt distinct SR resources rather than multi-bit SR to distinguish the numerology/TTI duration of he logical channel that triggered the SR. 
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3 Conclusions
In this contribution, we observe that it is numerology rather than TTI duration that can characterize channel and ensure reliable transmission. Moreover, ‘numerology index’ could be used to abstract numerology configuration for MAC with light overhead in numerology indication.
Observation 1: By delivering “numerology/TTI type” of the logical channel that triggered the SR through SR reception, gNB could respond with timely UL grant for UL data or BSR transmission.
Observation 2: There is a mapping between SR and “numerology/TTI type”, and SR mapped to different numerology/TTI type may be differentiated by distinct SR resource or be indicated by more SR bits.

Observation 3: To carry numerology/TTI duration information by SR, multiple SR configurations has advantage over multi-bit SR from the perspective of design effort, resource consumption, and scability.

According to observations above, we have the following proposals.
Proposal 1:
A single logical channel maps to one SR configurations. 
Proposal 2:
Logical channels share the same numerology(s) is mapped to one Logical channel group. 

Proposal 3:

NR MAC adopt distinct SR resources rather than multi-bit SR to distinguish the numerology/TTI duration of he logical channel that triggered the SR. 
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Figure 1. The relation among logical channel group, logical channel, numerology, and SR





LCG 1





LCH 1





LCH 2





LCH 3





Numerology 1





Numerology 2





Numerology 3





Single-bit SR, SR resource configuration 1 





Single-bit SR, SR resource configuration 3 








LCG 2





Figure 1(a). Multiple SR resource configurations, where each SR resource configuration maps to one or more numerologies
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Figure 1(b). Multi-bit SR, where each SR resource should carry explicit bits to indicate  on which numerologies there are traffic arrival
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Figure 2(a) Multiple SR configurations, where each SR configuration index has a unique SR resource configuration
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Figure 2(b) Multi-bit SR, where a single SR resource carries multiple bits to indicate the numerology corresponding to the LCH with UL data arrival





Figure 2. SR format to indicate SR configuration index








