Page 1

3GPP TSG RAN WG1 Meeting #86bis

R1-1609546
Lisbon, Portugal, 10th - 14th October 2016

Source:
Intel Corporation

Title:
On eMBB and URLLC multiplexing
Agenda item:
8.1.8
Document for:
Discussion and Decision

1 Introduction
One of the main design goals for NR is to support efficient operation of multiple different services in one spectrum. In the RAN1#86 meeting, URLLC and eMBB multiplexing was discussed and the following agreements were reached:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded
In this contribution we discuss design aspects of eMBB and URLLC multiplexing. In this paper we focus on general multiplexing approaches which are transparent to the selected numerology and frame structure.

2 Discussion

The most stringent user plane latency in DL and UL defined in [2] is set to 0.5 ms which is in the order of magnitude less than the LTE latency and the typical required latency for NR eMBB services. Efficient support of URLLC and eMBB may imply different transmission parameters like TTI duration and subcarrier spacing which are to be multiplexed in the same spectrum. The multiplexing may be done by different ways e.g. by shortening the URLLC TTI and keeping the same subcarrier spacing (SCS) and symbol duration as for eMBB, by shortening the URLLC TTI and increasing SCS / reducing symbols duration while keeping eMBB TTI and symbol duration longer than the URLLC.

Besides of the frame structure and numerology aspects, there is a problem how to efficiently use spectrum resources for eMBB and URLLC services if the frame structure and numerology are designed to support the multiplexing. In the next section, we first discuss potential multiplexing scenarios and analyze techniques for their handling.
2.1 eMBB and URLLC Multiplexing Scenarios

Depending on the latency requirement and channel quality conditions, a sporadic URLLC packet transmission may even need a full spectrum bandwidth to meet the target reliability [3]. Thus, the semi-static reservation of spectrum resources for URLLC services may be inefficient for overall eMBB and URLLC multiplexing capacity especially assuming sporadic URLLC traffic arrival. That implies the dynamic multiplexing mechanisms may need to be carefully analyzed in terms of performance and system design complexity, given that support of dynamic multiplexing of eMBB and URLLC faces several issues caused by different latencies and resource granularities:

· Resource release and collision handling. Since URLLC assumes operation of mission critical services, it is natural to assume that its transmission is in general prioritized over eMBB when both services are activated at the same time. Therefore, mechanisms to handle at least cross-service (eMBB vs. URLLC) collision and multiplexing of URLLC with already scheduled eMBB transmissions need to be considered.

· Interference. The stringent latency budget may require transmission of URLLC signal without waiting for vacant resources, thus TRP and/or UE may need to handle cases when transmissions on already allocated resources were not released for URLLC transmission both in DL and in UL. This may cause negative impact in terms of URLLC and eMBB type of interference on eMBB and URLLC receivers respectively.

· Duplexing restriction. In TDD, a TRP needs to frequently switch transmission direction (e.g. every ~0.125 ms) in order to meet the target latency requirement for URLLC service (as discussed in [1]). For eMBB services, such frequent transmission direction change may not be desirable in terms of switching gap overhead and peak throughput.

In order to analyze the problem in more details, we first identify different possible scenarios of potential collision of URLLC and eMBB services / transmissions (see Figure 1).
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Figure 1. Intra-cell eMBB and URLLC collision scenarios.

Scenario 1: DL eMBB and DL URLLC
· This scenario is possible in both FDD and TDD bands when DL URLLC traffic arrives to L2/L3 of a TRP and needs to be served during an ongoing DL eMBB transmission.

Scenario 2: UL eMBB and UL URLLC
· This scenario is possible in both FDD and TDD bands when URLLC traffic arrives to L2/L3 of a UE and needs to be served during potential UL eMBB transmission. There are two different subcases:

· Case 1 – UL URLLC traffic arrives and needs to be served during an ongoing scheduled UL eMBB transmission.

· Case 2 – UL URLLC traffic arrives before the start of the scheduled UL eMBB transmission but the eMBB RTT for updating UL eMBB schedule is larger than the URLLC latency budget.

Scenario 3: UL eMBB and DL URLLC
· This scenario is possible in TDD bands only when DL URLLC traffic arrives to L2/L3 of a TRP and needs to be served during potential UL eMBB transmission. There are two different subcases:

· Case 1 – DL URLLC traffic arrives and needs to be served during scheduled UL eMBB transmission.

· Case 2 – DL URLLC traffic arrives before the start of the scheduled UL eMBB transmission but the RTT for updating UL eMBB schedule is larger than the URLLC latency budget.

Scenario 4: DL eMBB and UL URLLC
· This scenario is possible in TDD bands only when UL URLLC traffic arrives to L2/L3 of a UE and needs to be served during an ongoing DL transmission.

The similar scenarios need to be considered in terms of inter-cell operation and the impact of inter-cell interference. The illustrated scenarios may require different multiplexing techniques and have different implementation and system complexity to dynamically avoid collisions and maximize system capacity for eMBB and URLLC services. The potential options that require further careful evaluation are discussed in the next section.
2.2 Classification of Multiplexing Approaches
The potential techniques to support eMBB and URLLC services may be classified in terms of reservation, duplexing, multiplexing assumptions.

Reservation approaches
1) Semi-static resource partitioning between different services:

· This multiplexing option assumes that a part of resources is allocated for URLLC transmissions. In case of predictable and periodic URLLC traffic this may be the simplest and the most efficient mechanism for support of both URLLC and eMBB services.

2) Dynamic resource partitioning between different services:

· For sporadic URLLC traffic, dynamic release of eMBB resources in favor of URLLC transmissions is desirable to achieve efficient eMBB and URLLC co-existence. The dynamic multiplexing assumes that TRPs and UEs may need to be able to detect URLLC transmission presence and to change their eMBB transmission/reception behavior if URLLC transmission is detected. This type of techniques will have significant implication on BS and UE design and signaling.

3) Hybrid (semi-static + dynamic) resource partitioning:

· In general case, depending on traffic characteristics it is likely that a part of resources may be exclusively allocated to URLLC services operation, e.g. at least for control channel/signal transmission while other resources may be dynamically shared between eMBB and URLLC services (e.g. for shared channel transmission). 
Duplexing assumptions
1) Half-duplex:

· Wireless TRPs and UEs are typically assumed to operate in half-duplex manner, i.e. ability to transmit and receive in the same carrier only in different time instances. This constraint is present due to difficulty in isolating transmission and reception in the same band because of large signal power difference. In case if this duplexing assumption holds for NR, then the eMBB and URLLC multiplexing scheme should allow frequent RX/TX switches during 1 ms duration in order to be able to receive and transmit URLLC traffic that cannot wait for longer switching intervals. For example, a target latency of 0.5 ms would require TX/RX switching every ~0.125 ms. Thus, eMBB should also be interrupted/switched with the same rate as URLLC in order to hold the half-duplex property.

2) Full-duplex:

· If a TRP is capable to operate in full-duplex mode then it can receive UL URLLC signals during its own DL eMBB transmission. This may eliminate potential collisions in Scenario 4. In case of full-duplex capable UEs, the collisions in Scenario 4 may also be handled with combination of clear channel assessment by an eMBB UE which is discussed later on. However the full-duplex should not be assumed as a basic feature due to its complexity and limited applicability.

3) Spatially isolated full-duplex:

· In order to allow simultaneous intra-cell transmission and reception in the same band for efficient eMBB and URLLC multiplexing, the DL and UL may be served by different transmission points acting in a “virtual full-duplex” mode. That may also be seen as a dual connectivity with UL and DL splitting. That may be possible if isolation of UL and DL TRPs is achieved by narrow beam-forming (in mid-high carrier frequencies) and/or by interference cancellation. This approach is in general deployment specific aspect and may be feasible for TRP however is not applicable for UE due to half-duplex issue and potential UE-UE interference issues.

The dynamic resource partitioning may also be classified:
1) Orthogonal multiplexing:

· For example, in case of eMBB DL and URLLC DL (Scenario 1), both transmissions are done by one TRP in case of intra-cell collision, thus the serving TRP may dynamically release eMBB resources for URLLC subject to degradation of eMBB performance. In case of presence of UL (either URLLC or eMBB) the dynamic resource release problem becomes much more complicated because the URLLC and eMBB traffic sources can be different and thus eMBB intra- or inter-cell interference may degrade performance.

2) Non-orthogonal multiplexing:

· URLLC transmissions may be multiplexed with eMBB by non-orthogonal/quasi-orthogonal superposition techniques by applying spreading and advanced/non-linear receivers. That is more applicable to Scenario 2 (UL&UL) because the receiving TRP may know transmission parameters of both services and thus efficiently handle mutual interference by advanced receive processing utilizing its high computational capabilities. For the DL URLLC cases (Scenario 1, Scenario 3), the UE may also apply interference cancellation, however these approaches may be problematic due to additional processing delay imposed by such operation and performance and reliability aspects.

3) Clear channel assessment (Listen-before-talk) mechanisms:

· In case when DL eMBB is dynamically multiplexed with UL URLLC (Scenario 4), a TRP may try to detect UL URLLC transmissions in a URLLC TTI before starting to use it for eMBB DL transmission to avoid resource wastage due to semi-static URLLC resource reservation. Note, that the shorter eMBB symbols (larger subcarrier spacing) in this case are beneficial in terms of potential switching and sensing overhead. Moreover, similar approach may be used for handling DL&DL inter-cell interference (Scenario 1 but with DL transmissions happening in different cells), where a cell with DL eMBB traffic yields resources to a detected other’s cell DL URLLC traffic.
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Figure 2. Illustration of DL eMBB and UL URLLC multiplexing with listening intervals.
· In Scenario 3, an eMBB UE may try to listen for ongoing DL URLLC transmission at every start of a URLLC TTI (this is more applicable to Case 2, when the UL eMBB transmission is not started yet). If it detects a DL URLLC transmission, then it may yield and wait for another transmission opportunity protecting URLLC from interference. However, there is a potential issue with misaligned transmission timing of UL and DL which needs to be further taken into account. Additionally, this approach may also be used for Scenario 2 (UL&UL), however the benefits comparing to superposition approaches need to be carefully studied.
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Figure 3. Illustration of UL eMBB and DL URLLC multiplexing with listening intervals.
Proposal
· Study synchronous listen-before-talk mechanisms for dynamic eMBB and URLLC multiplexing.

3 Conclusions

In this contribution, we presented our views on the issue of eMBB and URLLC multiplexing for different scenarios. Based on the discussion we have the following proposal:

Proposal
· Study synchronous listen-before-talk mechanisms for dynamic eMBB and URLLC multiplexing.
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