3GPP TSG-RAN WG2 Meeting #99
R2-1710768
Prague, Czech Republic, October 9– October 13, 2017
Agenda Item:
10.3.1.7
Source:
Institute for Information Industry (III)
Title:
URLLC traffic considering multiple UL grants and LCP restriction parameters
Document for:
Discussion, Decision

1 Introduction

After the RAN2#99 meeting, we made an agreement that parameters for LCP restrictions have Sub-Carrier Spacing, Cell and “Time”. LCP knows which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). After UE receives an uplink grant indication, it can derive the profile based on the parameters in the DCI information. A LCP can support multiple numerologies from subcarrier spacing, and the logical channel with one or more profiles. Multiple UL grants for a UE have different physical configurations, more accurate indication for the transmission profiles should need to make an optimization solution. At previous RAN2 meeting, the following agreements were made
Agreements:

1. LCH restriction is based on available parameters coming from PHY and/or RRC.

2. The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer.  How this is captured is FFS    

3. Parameters for LCP restrictions - Sub-Carrier Spacing, Cell, “Time”.  What “time” means is FFS (e.g. PUSCH transmission duration and K2).  FFS if other parameters are required (e.g. transmission mode).

4. If there are multiple Grants for a UE at a certain point in time the order in which the UE processes the grants is up to UE implementation

5. The LCP restriction does not apply to MAC CE at least for non-duplication case

In the agreements above, this contribution discusses further any other parameters need to be considered for multiple UL grants and the FFS above. Taking the consideration of the new agreements and recent progresses, this contribution also focus on the multiplexing schemes considering multiple UL grants.
2 Discussion

2.1 How to multiplex URLLC and other services.
For URLLC traffic in NR, the guarantee of the latency of the data traffic and to enhance reliability should be the target. The reserved resources for eMBB and mMTC traffic need to be allocated for URLLC traffic, and UE process multiplexing schemes. The LCP should have the capabilities of distinguishing multiple UL grants for multiple numerology/TTI. When the LCP considers to multiplex the URLLC data transmission and on-going data transmission, it could map the logical channel to these grant information. The transport block can be used for multiple URLLC and other services (e.g. eMBB and mMTC) which for different LCHs. In order to meet URLLC requirement, the LCP will provide high priority for URLLC data transmission. The question is that the LCP is likely that the eMBB traffic may exhaust UL resource for URLLC. 
The LCP procedure lies in the dynamic sharing of resources between different source traffic at asymmetrical loads, this allows in priority based conditions. When the URLLC service’s UL grant is received in UE, the gNB will promptly access to the resource for the immediate transmission of the URLLC traffic. The reserved resources for the other services need to be used for the URLLC traffic. To initiate URLLC data transmission, the gNB should stop sending the other services (e.g. eMBB and mMTC) traffic without notice to transmit the URLLC traffic or the reservation of resources for URLLC traffic. For this interrupt time for other services, it will increase the packet error rate of those.
Observation 1: LCP operation supports to multiplex URLLC and other services, URLLC traffic do not aware of other services interrupt.

Observation 2: For URLLC data transmission, the packet error rate of the eMBB and mMTC traffic will increase sharply.
Furthermore, in view of the multiplexing scheme, considering UL traffic has very critical delay and high reliability requirement (such as URLLC). The gNB needs to provider efficient scheduling as soon as possible. This implies that the gNB must also be made aware of multiple UL grants is desired by the UE for the upcoming transmission. Below are two possible options for UE implementation to multiplex URLLC and other services:
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Figure 1:  Illustration of multiplexing schemes for URLLC (a) Direct access (b) SPS reservation
· Direct access: The gNB should stop sending the other services traffic without notice to transmit the URLLC traffic. This option is lower latency but causes a data loss for other services due to more interrupt time for other services. The related logical channel is established based on token bucket algorithm, and incremented by the product PBR × TTI duration for multiple TTIs. Multiplexing scheme in option (a) should consider that overall PBR of LCHs is configured among different UL grants. For example, the LCP consider that the lower priority LCHs can only be served after the resource of higher priority LCH is exhausted. The URLLC’s PBR resource and eMBB’s PBR resource is allocated in the same UL resource.
· SPS reservation: This option (b) reserves the URLLC resources in high prior of data scheduling. This SPS reservation is that gNB transmits more information for the URLLC resources using the multiple UL grants. The eMBB and mMTC resource is not allowed to use URLLC resource even URLLC has high prior of data scheduling. The URLLC’s PBR resource and eMBB’s PBR resource is not used for the same UL resource. The eMBB and mMTC resource do not causes any more data loss due to the reservation of URLLC resources. But there is no URLLC traffic to be sent in the scheduled period, reserved resources would be wasted.

Proposal 1: If UL resource is available when new URLLC data arrives, it is up to UE to decide whether to transmit over which UL resource.
When LCH dedicated for URLLC services, the LCP is important to distinguish whether the multiplexing scheme support resources reservation for URLLC. From above discussion, indicator about if resources reservation for URLLC, in which the UP grant shall be taken into account to determine the LCH applicability for this UP grant. In our view, we prefer the additional parameters of the UP grant due to the following reasons:
· If the URLLC service UL grant is received by UE, the gNB should promptly access to the transport block for the immediate transmission of the URLLC traffic. This event can happen not only in the scheduling period but also in the middle of data transmission period. Then the URLLC’s PBR resource and other’s PBR resource is allocated in the same UL resource by LCP procedure.
· SPS reservation will be triggered by the dedicated resources. For those LCHs with critical latency requirement and high reliability requirements, the URLLC service could be the highest PBR by LCP procedure.
NR supports mapping a single LCH to one or more numerologies/TTI durations, which are abstracted through indices or profiles. For mapping rule of multiplexing scheme, indicator about whether the UL traffic is belong to mission critical needed to be visible to the MAC.
Proposal 2: For mapping rule of multiplexing scheme, indicator about whether the UL traffic is belong to mission critical needed to be visible to the MAC.
3 Conclusion

We summarize the contribution with the following observations:
Observation 1: LCP operation supports to multiplex URLLC and other services, URLLC traffic do not aware of other services interrupt.

Observation 2: For URLLC data transmission, the packet error rate of the eMBB and mMTC traffic will increase sharply.

Based on the above observations we request RAN2 to discuss and agree on the following proposals:

Proposal 1: If UL resource is available when new URLLC data arrives, it is up to UE to decide whether to transmit over which UL resource.
Proposal 2: For mapping rule of multiplexing scheme, indicator about whether the UL traffic is belong to mission critical needed to be visible to the MAC.
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