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Introduction 
An email discussion on multiplexing URLLC and eMBB data transmissions in NR has been concluded[3]. According to the previous agreements, companies were encouraged to input views on multiplexing of eMBB and URLLC in DL:
· Preemption/superposition-based multiplexing of eMBB and URLLC in DL
· Option 1: Indication of preempted or impacted eMBB resources to respective eMBB UE(s)
· Option 2: Non-indication approaches
· Scheduling-based approaches: 
· According to previous agreements, scheduling-based approach means that URLLC transmission does not occur in the resources scheduled for ongoing eMBB traffic.

Background
On the impact of puncturing on eMBB data
Within the scope of the LTE Rel-15 WI Short TTI & Processing Time [3] a study [4] was performed to investigate the impact of a 1ms transmission being punctured by short TTI transmissions of 2 OFDM symbols. Since backwards compatibility is required in LTE, no indication before or after is possible to the the legacy 1ms UEs whos DL transmissions are punctured. This therefore corresponds to the Option 2, non-indication approach.
[image: spdsch_r1_86_punct_punct_results_figure851116110] 
[bookmark: _Ref449711192]Figure 1. PDSCH BLER for legacy PDSCH transmission (full 50 PRB allocation at 10 MHz) for QPSK r1/3 (left set) and 16QAM r3/4 (right set), when being punctured by sTTI. For 7-symbol TTI, sTTI allocation is 6PRB (increased for shorter TTI lengths). 
The simulation results for puncturing of a short TTI transmission into 1ms transmission are shown in Fig 1. As can be seen, when coinciding the short TTI degrades the performance of the 1ms transmission, with severly reduced BLER performance on link level. To be able to show the extent this is a problem or not, a study on system level is needed to be able to conclude on how often the problem occurs in reality. To be able to do this one further needs to understand the nature of the traffic that is studied in such a study. Very little studies have been conducted within the area. 
[bookmark: _GoBack]Observation 1 Little studies have been conducted within the area of URLLC to determine suitable traffic patterns.
Observation 2 In order to determine the impact of network performance from different solutions system level simulations with relevant traffic models need to be performed
Proposal 1 URLLC traffic model should be agreed upon to be used in common system level simulations 
Some information can be deduced from another LTE study [6] with system simulations showing that puncturing would rarely occur with reasonable assumptions on URLLC traffic. This can be seen by the moderate degradation of the legacy UE performance in the study. It should be noted here that an adaptive scheduling solution allocating URLLC and eMBB to separate frequency resources (when possible) would be a more accurate reference when comparing to puncturing. In [6] a strict FDM was assumed, i.e. allocating a separate parts of the spectrum to URLLC and eMBB.
Observation 3	In most scenarios URLLC puncturing is expected to be rare and therefore have limited impact on eMBB traffic.
Puncturing compared to scheduling in frequency domain
The network can already dynamically adapt the bandwidth of transmissions using FDM and suddenly allocate URLLC traffic to unused resources. The need only appears when the bandwidth is allocated to such an extent a URLLC transmission can’t fit. Given realistic traffic assumptions this will not be a common event, so FDM can be expected to be the main scheduling option for the wider bandwidth carriers considered for NR.
Observation 4	Scheduling of URLLC traffic on unused resources in the frequency domain can solve most multiplexing situations

Preemption/superposition-based multiplexing of eMBB and URLLC in DL
Overriding by URLLC data
A UE may be configured to receive URLLC data when already receiving eMBB data. In this case, it may discard the eMBB data and ensure the reception of the URLLC data. A retransmission of the eMBB data is then triggered by HARQ feedback.
Observation 5	A UE receiving eMBB data punctured by URLLC data may discard the eMBB data and trigger a retransmission, relying on normal HARQ operation.
Indication of preempted or impacted eMBB resources
When a eMBB data transmission to a UE is punctured by a URLLC transmission to another UE the immediate impact is that decoding may fail. Three different types of indication could be done to the impacted UE to avoid this:
· Pre-indication. If eNB knows already at the time of start of eMBB transmission that it may puncture, it can instruct the eMBB UE to mask out a certain region. This would be of little specification impact, but of no use since the nature of URLLC is that it appears suddenly. If the need is known beforehand, mini-slots of eMBB/URLLC data can be assigned instead.
· Mid-indication. With a possibility for an intermediate or dynamic control indication, eNB could send an update control message to the eMBB UE to assist it in decoding. This would be the best in order to prevent eMBB failure but would have high specification impact, and likely also be demanding for the UE since it needs to monitor more control occasions.
· Post-indication. A control message can be sent to the UE in the subsequent slot to assist it in processing. With fast HARQ functionality, the UE would then already have attempted decoding and transmitted NACK feedback. Given the update control message, UE could retry decoding or modify or discard the soft buffer, and eNB can ignore the feedback. This would be equivalent to indicating a retransmission with PDCCH without sending the data packet. With slower HARQ feedback, the update control can be transmitted during UE processing and can therefore save the decoding before UE transmits NACK. This option would have some specification impact but would likely be of good use for the punctured transmissions.

Observation 6	A post-indication is a more promising approach than pre-indication or mid-indication.
It’s however important to consider existing mechanisms first, such as HARQ retransmission.
Non-indication approach
A non-indicative approach would rely on the normal hybrid-ARQ operation. If an ongoing slot-based transmission (e.g. eMBB) is preempted by a mini-slot (e.g. URLLC) and thereby looses some OFDM symbols, hybrid-ARQ retransmissions can take care of this. In particular, if per-CB hybrid-ARQ is used, the resolution is finer and only parts of the data transmitted in the slot may need retransmission.
Here, it’s however useful to study the results discussed in Secion 2. It’s clear that the BLER of a punctured transmission is highly increased. This may result in a large amount of retransmissions which means reduced spectral efficiency.
Observation 7	HARQ can handle the failed eMBB transmissions, however the retransmission load may be high.
Scheduling-based approaches
The gNB can choose to schedule different traffic types in different parts of the spectrum if it wants to, as part of its normal set of scheduling tools. Also, not all URLLC services may need ultra-low latency, in which case normal scheduling and slot-based transmissions is sufficient and no particular mechanisms other than those already envisioned for NR are needed.
Observation 8	Scheduling-based approaches do not need to be standardized.
Conclusions
We have observed the following:
Observation 1 Little studies have been conducted within the area of URLLC to determine suitable traffic patterns.
Observation 2 In order to determine the impact of network performance from different solutions system level simulations with relevant traffic models need to be performed
Observation 3	URLLC puncturing is expected to be rare and therefore have limited impact on eMBB traffic.
Observation 4	Scheduling of URLLC traffic on unused resources in the frequency domain can solve most multiplexing situations
Observation 5	A UE receiving eMBB data punctured by URLLC data may discard the eMBB data and trigger a retransmission, relying on normal HARQ operation.
Observation 6	A post-indication is a more promising approach than pre-indication or mid-indication.
Observation 7	HARQ can handle the failed eMBB transmissions, however the retransmission load may be high.
Observation 8	Scheduling-based approaches do not need to be standardized.
Based on the discussion in the sections above, we conclude that URLLC puncturing would have limited impact, and that any optimizations to protect punctured data would be useless or overly complex. We therefore propose the following:
Proposal 1 	URLLC traffic model should be agreed upon to be used in common system level simulations 
Proposal 2	Do not optimize any functionality for URLLC puncturing, unless justified by SLS using commonly agreed URLLC traffic models, but rely instead on normal HARQ operation.
References
[1] [bookmark: _Ref454882163][bookmark: _Ref465264559][bookmark: _Ref465265285][bookmark: _Ref462055265][bookmark: _Ref462386115][bookmark: _Ref462055021]Final Report of 3GPP TSG RAN WG1 #86 v1.0.0 (Gothenburg, Sweden, 22nd – 26th August 2016)
[2] [bookmark: _Ref465265299]NGMN 5G White Paper, https://www.ngmn.org/uploads/media/NGMN_5G_White_Paper_V1_0.pdf
[3] RP-162014, WID Short TTI & Processing Time, Ericsson, RAN#74, December 2016.
[4] R1-1611515, Puncturing sTTI in legacy TTI, Ericsson, RAN1#87, November 2016.
[5] Email discussion on URLLC and eMBB multiplexing
[6] R1-165110, Multiplexing of Regular TTI and shortened TTI, Motorola Mobility, RAN1#85, May 2016.
image1.png
BLER

—=©&— No puncturing

—— Puncturing TTI length=2 |

——&— Puncturing TTI length=3 ]

—*%— Puncturing TTI length=4 |

—<&— Puncturing TTI length=7 |4
I I I

15
SNR [dB]

25 30

35




