3GPP TSG RAN WG1 Meeting #87
R1-1611222
Reno, USA 14th - 18th November 2016
Agenda Item:
7.1.4.4
Source:
Huawei, HiSilicon
Title:
DL URLLC multiplexing considerations
Document for:
Discussion and decision 
1 Introduction

In previous RAN1 meetings, it has been agreed， “NR should support dynamic resource sharing between different latency and / or reliability requirements for eMBB/URLLC in DL” [1]. More details on dynamic sharing are shown in below [2].

	Agreements:
· 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 paper, DL multiplexing between URLLC and eMBB is considered. Some dynamic sharing schemes are analyses and studied via LLS and SLS simulations. The discussion on UL multiplexing is given in our companion paper [3].
2 DL multiplexing between URLLC and eMBB
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Figure 1 FDM between eMBB only region and coexistence region 
A desired resource sharing scheme of eMBB and URLLC is expected to maximize the capacity of URLLC and eMBB. Dynamic resource sharing between URLLC and eMBB is preferable because of the sporadic nature of URLLC traffic. To meet the tight latency requirement of URLLC service, URLLC needs higher scheduling priority, e.g., a new arriving URLLC package could occupy the some resource which has been previously allocated to eMBB traffic. If pure TDM manner is adopted for dynamic resource sharing, URLLC transmission needs to be able to learn the position of signal/channel important to eMBB users and manage to avoid from them, for example SS and PBCH, as well as system information. This would require additional standardization work load. Furthermore, scheduling-based resource sharing in TDM manner may cause delay in URLLC transmission, in particular when smaller SCS is adopted. Preserving a separated sub-band carrying these important signal/channel could provide a clear region where eMBB and URLLC coexist with each other, as shown in Figure 1. In this separated region, only eMBB users can be scheduled.
The numerology and frame structure of coexistence region should be designed to meet the critical requirement of URLLC. Considering grant-based is a natural scheduling method in downlink transmission, orthogonal scheduling for eMBB and URLLC in coexistence region would be preferred in order to guarantee the reliability of both eMBB and URLLC. The transmission scheme utilizing larger SCS-based slot would be preferred which could provide URLLC service with higher capacity, compared with the transmission scheme with smaller SCS-based mini-slot [6]. The feasibility of FDM of different numerologies has already been agreed in RAN1 #85.
Proposal 1: Grant-based orthogonal scheduling for eMBB and URLLC in DL coexistence region is preferred.

2.1 Coexistence region design and hybrid scheduling of URLLC and eMBB
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Figure 2 Hybrid scheduling of URLLC and eMBB in FDD coexistence region
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Figure 3 eMBB scheduled over multiple slots coexistence region
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Figure 4 Scheduling of URLLC and eMBB in TDD coexistence region
If the downlink transmission signal is modulated via 15 kHz SCS, the scheudling interval has to be narrowed down to one or two symbols. In that case, RS efficiency would be quite low (i.e., # pilot symbols used in proportion to data will be high). Comparatively, if the downlink transmission signal is modulated via 60 kHz SCS, 7-symbol scheduling interval could be adopted to shorten RTT. In this case, RS can be placed at the beginning of every slot (time fading is limited due to short duration) and the RS overhead would be quite low. Besides, 7-symbol slot offers better scheduling flexibility and enables uniform design across scalable numerology. 

An example of eMBB only region and coexistence region in FDD is given in Figure 2, where same slot definition is utilized for both regions, e.g. 7-symbol per slot. The alignment between slots with different subcarrier spacing is benefical to dynamically schedule eMBB traffic in both region. Moreover, less standardization effort would be required, correspondingly. Figure 3 shows more details of scheduling in coexistence region. A strategy of hybrid scheduling URLLC and eMBB traffic could be adopted. The scheduling granularity of URLLC traffic is single slot, and multi-slot scheduling could be adopted for eMBB users which is helpful in saving the control overhead. Note that in RAN1 # 86bis it was agreed that data transmission can be scheduled to span one or multiple slots. In TDD case, as shown in Figure 4, downlink/uplink/gap positions are aligned across eMBB only region and coexistence region. The interval of multi-slot scheduling could depend on when URLLC packet arrives. For example, the scheduling interval of eMBB is 0.25ms. The first slot of brown eMBB users is taken away by URLLC users. The aggressor URLLC pakcges of brown eMBB users arrive before the beginning of the 0.25ms scheduling intervals. This kind of URLLC slots is avoided via eMBB scheduling. The aggresor URLLC packages of purple eMBB users arrive in the middle of a 0.25ms scheduling interval. The second slot of purple eMBB users is occupied via dynamic sharing scheme.
3 Dynamic sharing scheme in coexistence region
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Figure 5 dynamic sharing scheme in coexistence region
3.1 Puncture scheme
In puncture scheme, as shown in Figure 5 (b), once a URLLC packet arrives, a part of the resource which has been allocated to eMBB traffic will be punctured and reassigned to the URLLC transmission. 
For eMBB user, the performance loss caused by puncturing would be worse than rate matching if the effective code rate is comparable, since the position of punctured resource within an eMBB transport block is uncertain and eMBB UE is usually unaware of the puncturing. Considering the tight latency and high reliability requirement of URLLC service and the sporadic property of URLLC traffic, it may not be practical for the gNB to select a to-be-punctured resource block for URLLC in order to protect the ongoing eMBB transmission. In this situation, eMBB would be always a victim. Besides, LDPC has been agreed as eMBB coding scheme in case the information block length is larger than 1024 bits [1]. Considering that the structure of LDPC is usually designed subtler than turbo code, the performance degradation of LDPC due to puncturing could be more severe than turbo code.
To compensate the performance loss, some schemes have been proposed, such as outer code and CB-based HARQ. 
3.2 Postpone-based schemes
In postpone-based schemes, as shown in Figure 5(c), the part of eMBB data which collides with URLLC will be postponed instead of being punctured. When the URLLC transmission is done, eNB could choose to resume the transmission of postponed eMBB data portion automatically. The resource for the postponed eMBB data portion could be implicitly indicated, e.g. via higher layer configuration, or explicitly indicated, e.g. via DCI.
In coexistence region, one TB can be mapped into one or more slots, where the number of scheduled slots is dynamically indicated in the DCI [8]. Since it has been agreed in the last RAN1 meeting that UE-specific DL control information monitoring occasions at least in time domain can be configured, the multi-slot scheduling interval of eMBB users could be configurable, such as 1/2/4/8 slots. When URLLC traffic load is low, large scheduling interval could be configured to eMBB users in the purpose of power saving. As the URLLC traffic load increases, eMBB transmission would be interrupted by URLLC packages more frequently. In this case, gNB could reduce the scheduling interval to alleviate the uncontrollability of eMBB scheduling. As an extreme case, the scheduling interval of eMBB users could be one slot. Although one-slot scheduling interval may increase the power consumption of eMBB users scheduled in coexistence region, better scheduling flexibility is provided to gNB.
The postpone-based schemes guarantee the target BLER of eMBB transmission and would not require unexpected retransmission of whole TB caused by the gap between the target BLER and the realistic BLER like what happens in puncture scheme. Although outer loop link adaptation could reduce unexpected retransmissions in puncture scheme, our simulation results show that the postpone-based schemes still outperform puncture scheme. 
The latency of eMBB transmission would be increased in the postpone-based schemes. However, the degradation may not be severe because the transmission of URLLC does not last long.
3.3 Resource reassignment indication
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Figure 6 LLS-based throughput performance
No matter which pre-emption scheme is adopted, either puncture scheme or postpone scheme, the URLLC transmission is realized by re-allocating the eMBB users’ resources. As shown in Figure 6, the decoding performance could be significantly improved, if interrupted eMBB users are able to identify which part of resource is polluted. How to indicate the reassigned resource needs further studied. 
Observation 1: Obvious performance improvement is observed in comparison between pre-emption with and without resource reassignment indication.
Proposal 2: Resource reassignment indication to victim eMBB users should be supported in DL.

4 System level simulations
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Figure 7 SLS-based throughput performance
(In both schemes, indication of re-allocated resource is assumed to be available for victim eMBB users)
The carrier bandwidth is assumed to be 20MHz where eMBB only region is 5MHz and coexistence region is 15MHz. The subcarrier spacing of eMBB only region and coexistence region is 15 kHz and 60 kHz, respectively. Scheduling granularity is slot which includes seven OFDM symbols. In eMBB only region and coexistence region, 2-slot and 8-slot scheduling is adopted for eMBB users. The outer loop link adaptation is turned on for eMBB users. Poisson distribution is utilized for modeling URLLC traffic’s arrival. One-shot transmission of URLLC is assumed. More details could be found in section A.1. 

The SLS results are given in Figure 7. In the case with 20%-URLLC RU, about 14.6% gain of average cell throughput and 9.8% gain of 5-percentile user throughput could be achieved by postpone scheme over puncture scheme. In the case with 40%-URLLC RU and 60%-URLLC RU, the average throughput gain could increase to about 55.2%, and 5-percentile user throughput gains are 43.55% and 104.1% respectively. The postpone scheme outperforms the puncture scheme. This may benefits from the proper protection of eMBB transmission in postpone scheme.

Observation 2: In the case of 40% URLLC-RU, the postpone scheme can achieve 55% gain of average cell throughput and 43% gain of 5-percentile user throughput compared with the puncture scheme.
Proposal 3: Postpone-based scheme should be supported for eMBB and URLLC coexistence in DL.

· Mechanisms for postpone-based eMBB data transmission needs further study.
5 Conclusions 
In this contribution, the DL multiplexing between eMBB and URLLC is discussed. FDM between eMBB only region and coexistence region is preferred. Regarding to the dynamic sharing scheme, we have following observations and proposals:
Observation 1: Obvious performance improvement is observed in comparison between pre-emption with and without resource reassignment indication.

Observation 2: In the case of 40% URLLC-RU, the postpone scheme can achieve 55% gain of average cell throughput and 43% gain of 5-percentile user throughput compared with the puncture scheme.
Proposal 1: Grant-based orthogonal scheduling for eMBB and URLLC in DL coexistence region is preferred.

Proposal 2: Resource reassignment indication to victim eMBB users should be supported in DL.
Proposal 3:  Postpone scheme should be supported for eMBB and URLLC coexistence in DL.

· Mechanisms for postpone-based eMBB data transmission needs further study.
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Appendix

A.1 Assumptions of link-level simulation

Table A1 
	
	Simulation assumptions

	Bandwidth
	20MHz

	Subcarrier space
	60kHz

	eMBB scheduling interval
	8-slot

	URLLC scheduling interval
	1 slot

	Rank
	1

	Tx/Rx Antenna
	2X2

	PUCCH
	PUCCH format 1

	Channel Model
	TDL-C 300ns

	AMC
	ON

	Max HARQ retransmission
	4

	URLLC arrival rate
	1 packet/ms 

	URLLC data size
	32byte

	CP type
	Normal CP


A.2 Assumptions of system-level simulation

Table A2
	Parameters 
	Description

	Inter-BS distance  
	500 m 

	Carrier frequency  
	4 GHz 

	Simulation bandwidth 
	20 MHz per Carrier

	Channel model 
	3D UMa 

	BS Tx power 
	46 dBm per 20 MHz 

	UE Tx power  
	23 dBm 

	BS antenna configurations 
	2TX

	BS antenna height  
	25 m 

	BS antenna element gain + connector loss 
	8dBi

	BS receiver noise figure 
	5 dB 

	UE antenna configurations 
	2RX

	UE antenna height 
	Follow the modelling of TR 36.873 

	UE antenna gain 
	Follow the modelling of TR 36.873 

	UE receiver noise figure 
	9 dB 

	Traffic model 
	URLLC: FTP Model 3 with packet size 32bytes
eMBB: Full buffer

	Traffic load (Resource utilization) 
	URLLC: Poisson packet arrival with arrival rate λ to achieve URLLC capacity

	UE distribution 
	20% Outdoor in cars: 30 km/h,

80% Indoor: 3 km/h

URLLC: 10 UE/sector

eMBB: 10 UE/sector

	BS receiver 
	MMSE-IRC 

	UE receiver 
	MMSE-IRC 

	Channel estimation 
	Ideal channel estimation 


