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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The families of usage scenarios for IMT for 2020 and beyond include [1]:
· eMBB (enhanced Mobile BroadBand)
· mMTC (massive Machine Type Communications)
· URLLC (Ultra-Reliable and Low Latency Communications)
There is no doubt that URLLC is one of the most important features of 5G NR. In the latest RAN meeting, both of the low-latency part and the ultra-reliable part for URLLC are involved into the scopes of Rel-15 NR WI [2].
For URLLC, the target for user plane latency should be 0.5ms for both UL and for DL [1]. A general reliability requirement for one transmission of a URLLC packet is 1e10-5 with a latency of 1ms [1]. This URLLC packet could be 32 bytes.
URLLC service includes both periodic traffic and sporadic traffic. Periodic URLLC packets could be served via preserved URLLC-dedicated resource due that their arriving time is predictable. However, it is uneconomic to preserve dedicated resource for sporadic URLLC packets. The bandwidth of preserved resource for sporadic URLLC traffic would be considerably large because of the rigorous requirement of URLLC transmission (high reliability within 1ms). In Rel-14 NR SI phase, this is a consensus. Hence, considerations on multiplexing of URLLC and eMBB are necessary in NR design for both of DL and UL. The design targets in this region are, e.g,
· Meet high requirements of URLLC transmissions
· Guarantee the usage efficiency of T/F resource
· Alleviate the impact of URLLC burst packets on victim eMBB transmissions (corrupted by a URLLC burst)
[bookmark: OLE_LINK11]In Rel-14 NR SI phase, some substantial progresses on DL multiplexing of URLLC and eMBB have been achieved. 

	Agreements:
· DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.
· No specific specification work is expected  
· The above should be captured into TR 38.802

Agreements:
1. For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
0. URLLC transmission may occur in resources scheduled for ongoing eMBB traffic



This paper focuses on DL multiplexing of URLLC and eMBB transmissions. Other considerations on URLLC could be found in our companied papers, such as on the pre-emption indication design, UL multiplexing [8], DL control channel, HARQ and UL grant free transmission.

FDM-based eMBB-only region and coexistence region
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	(a) FDD case
	(b) TDD case


Figure 1 FDM between eMBB only region and coexistence region
DL dynamic resource sharing between eMBB and URLLC could be with or without pre-emption. No matter which kind of dynamic sharing is adopted, the eMBB transmission would be impacted by suddenly arriving URLLC packets.
The analyses and simulations of the DL dynamic resource sharing without pre-emption are given in [3]. The advantage of the schemes without pre-emption is the related standardization work load is very limited, especially when the scheduling intervals for eMBB and URLLC transmissions are unified. To meet the 0.5ms/1ms latency requirement, the unified scheduling interval needs to be small enough, e.g. a 7-symbol slot with 60kHZ-SCS. Correspondingly, higher control overhead and more frequent PDCCH monitoring may be required. Hence, gNBs may have to choose those power-consumption-tolerant eMBB users multiplexed with URLLC transmission in a coexistence region without pre-emption.
In the case that the resource sharing between eMBB and URLLC is with pre-emption, some eMBB latency-intolerant services could not be transmitted in the coexistence region, e.g. VoIP. This is because the preemption due to URLLC may extend the latency of victim eMBB transmissions.
Therefore, not all of eMBB users are suitable for/capable of being multiplexed with URLLC users. Besides the coexistence region, an eMBB only region is necessary which serve eMBB users with a typical scheduling interval, e.g. 0.5ms or 1ms. Meanwhile, the URLLC traffic could be supported in a coexistence region where eMBB and URLLC transmissions could coexist by dynamically sharing resource with each other.
[bookmark: OLE_LINK1]Pure TDM manner of a DL eMBB-only region and a coexistence region may increase the waiting time of URLLC packets [5]. FDM-based eMBB-only region and coexistence region are preferable. Grant-based orthogonal scheduling in the coexistence region is preferred in order to guarantee the reliability of both eMBB and URLLC. The eMBB-only region and coexistence region can be configured by the gNB.
The eMBB-only region and the coexistence region can adopt different numerologies (in line with the agreements[footnoteRef:1] in [4]). The eMBB-only region could utilize smaller SCS and the coexistence region could utilize larger SCS. Smaller SCS could provide more robust service for eMBB users. Larger SCS could help network to meet the critical KPI of URLLC, both latency and reliability. As verified in [5], larger SCS-based slots could provide higher URLLC capacity than that smaller SCS-based mini-slot.  [1:  Agreements:
•	Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective] 

In Figure 1, the examples of FDD and TDD are given. In FDD case, 60kHz-SCS and 15kHz-SCS are adopted for the coexistence region and eMBB-only region, respectively. In TDD case, a 0.25ms interval is adopted in coexistence region which contains fourteen 60kHz-SCS symbols including two UL symbols. A 0.25ms interval is adopted in eMBB only region which contains seven symbols of 30kHz-SCS including one UL symbol. The eMBB transmission in eMBB-only region can be based on 0.25ms or larger scheduling interval. 
[bookmark: OLE_LINK12]The coexistence region is configurable, e.g. via a semi-static signaling or a dynamic signaling. This signaling could be common to all of suitable/capable eMBB users or be dedicated to one of these users. After having received a PDSCH in the coexistence region, the target eMBB user of this PDSCH detects the pre-emption indication corresponding to the time/frequency resource of this PDSCH [8]. It could be learnt whether a pre-emption happed with this PDSCH. If this is the case, the eMBB user could remove the corrupted data from its soft buffer.
A URLLC transmission should avoid from any collision with the eMBB control region and eMBB RS. The adverse influence of a suddenly arriving URLLC packet could be enlarged via a damaged PDCCH or polluted DMRS. PDSCH cannot be correctly received/decoded if preemption happens to its corresponding PDCCH/DMRS.
Proposal 1: The DL eMBB-only region and coexistence region should be configurable with FDM manner
· The DL eMBB only region serves eMBB users with a typical scheduling interval, e.g. 0.5ms/1ms.
· The DL coexistence region supports dynamic resource sharing between eMBB and URLLC transmissions with/without pre-emption.
· DL eMBB control region and DMRS in DL coexistence region should be protected from being pre-empted.

[bookmark: _Ref129681832]Subsequent (re)-transmissions after pre-emption
	Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic

Agreements:
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of  the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during  and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit
Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details

Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB



DL URLLC transmission may occur in resources scheduled for ongoing eMBB traffic has been agreed. A pre-emption indication of URLLC transmission overlapping the resources scheduled for an eMBB UE can be dynamically signaled to the victim eMBB UE to facilitate demodulation and decoding and, furthermore, increase the likelihood of successful demodulation and decoding of the TB/TBs transmitted within the above mentioned assigned resource. More details of our considerations on the pre-emption indication are shown in [8].
As we discussed in the previous paper [9], from the point of view to rescue the transmission reliability of impacted eMBB data, the pre-emption indication is not enough especially when the scheduled MCS for the impacted eMBB transmission is higher. In the previous RAN1 meeting [7], it has also been agreed that subsequent transmissions/retransmission of the impacted eMBB TB/TBs could be utilized to increase the likelihood of successful demodulation and decoding of the TB/TBs. In this section, analyses and considerations on schemes of subsequent transmissions/retransmissions are provided.

Subsequent re-transmission
	Working assumption:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable



In NR, the A/N message of an eMBB transmission could be fed back per CBG (code block group). Based on the CBG-based A/N, CBG-level retransmission is feasible although the most of details of CBG-level retransmission are still under discussion.
A victim eMBB transmission could be fully pre-empted or partially pre-empted. From this fact, taking CBG-based retransmission as a subsequent retransmission might possibly achieve better spectrum than that of TB-based retransmission. This is because the required resource for retransmission is reduced because the retransmission granularity is reduced from TB to CBG.
Furthermore, a mapping method in which CB/CBG of eMBB users scheduled in coexistence region align with the threshold of scheduling interval of URLLC has been proposed. An example is given in Figure 2. In this example, there are three eMBB users. Their data are shown in as pink, green and blue, respectively. The eMBB scheduling interval is 1ms. If there no preemption occurs, each eMBB user’s signal could span over 8 slots. No matter how large bandwidth is allocated, each eMBB user has eight CBs. Each CB occupies only one slot. The advantage of this kind of mapping way is when the preemption of URLLC happens the impacted eMBB data always contains an integral number of CBs. The impacted CB could be retransmitted and the CBs transmitted on schedule could be decoded as usual. However, the drawback of this mapping method is obvious as well. The penalty is the loss of channel coding gain.

[image: ]
[bookmark: _Ref478168241]Figure 2 Mapping CB/CBG in line with URLLC scheduling interval
For example, assume the bandwidth is five 60 kHz-SCS-based RBs (twenty 15kHz-SCS-based RBs), 16QAM and 1/2-code rate are adopted, 1ms-shceduling interval can carry one CB of about 5760 bits. If the mapping method shown in Figure 2 is adopted, the 5760-bit CB needs to be divided into eight 720-bit CBs. For one thing, the loss of channel coding gain is obvious, from 5760-bit to 720-bit. For another thing, the required reliability of each 720-bti block would be increased. The required reliability of one 5760-bit CB is 90%. If eight 720-bit CBs are instead, the required reliability of each 720-bit CBs would be about 98.7% to achieve a 90%-reliability of the whole 5760-bit CBG. Besides, this kind of performance loss would be suffered of every eMBB user which is scheduled in the coexistence region whenever a pre-emption eventually happens to it, because the arrival time of URLLC packets could not be precisely predicted.
Observation 1: The performance loss of mapping CB/CBG in line with URLLC scheduling intervals in the DL coexistence region is obvious.
Furthermore, following the working assumption shown above, only CBG based (re)-transmission for the same TB of a HARQ process is allowed, i.e. no additional transmission of other TB could company with a CBG-based retransmission of the original TB in one HARQ process. So, one additional retransmission may be required if a subsequent retransmission is adopted to rescue the impacted data of the victim eMBB user. No matter what kind of retransmission is adopted, utilizing subsequent retransmissions to rescue impacted data may degrade the UPT performance of victim eMBB users.
Another fact is if the impacted transmission is the last retransmission chance of a victim eMBB transmission, the impacted TB/TBs may directly fail.
Observation 2: If a subsequent transmission is not scheduled to rescue the impacted data of the victim eMBB user in some cases:
· One additional retransmission is required.
· The impacted TB/TBs may directly fail in the case that the impacted transmission is the last retransmission chance of a victim transmission.

Supplementary transmission
Before the A/N feedback of the original transmission, the supplementary transmission could be scheduled by the gNB to help rescue the data corrupted by a URLLC transmission, if necessary. The supplementary transmission should be as early as possible, in order to let the victim eMBB user start processing the transmission. 
Because the impacted data could be supplementally sent to the victim eMBB user before the A/N feedback, the extra latency required by the supplementary transmission is much smaller than that required by subsequent retransmission. A better UPT performance could be obtained. Moreover, if the impacted eMBB transmission is the last retransmission chance of the victim eMMB users, supplementary transmission could guarantee the reliability of the last transmission which is comparative to the case of no pre-emption. This is beyond the capability of subsequent re-transmission.

DL assignment-based supplementary transmission
 [image: ]
[bookmark: _Ref470447389]Figure 3 Supplementary transmission scheduled by gNB
The supplementary transmission could be scheduled by gNB. The gNB could determine if a supplementary transmission is needed for a victim eMBB user, e.g. based on the percentage of impacted to data to the whole impacted transmission.
An example is given in Figure 3. In time domain each block corresponds to a slot. eMBB users could be scheduled via slot aggregation. Before a URLLC packet arrives, the first four slots are allocated to three eMBB users, e.g. the pink user, the green user, and the blue user. When a URLLC packet comes into the gNB’s buffer during the second slot, the third slot is pre-empted and re-assigned to URLLC transmission by the gNB. The supplementary transmission of the missing part of the three impacted eMBB users are scheduled in the slots #5 to #8, which are shown as shadow blocks filled with their own colour. The supplementary transmission is scheduled via DCIs before the victim eMBB users feed their A/N of the impacted transmission to the gNB. The DCIs could indicate the time-frequency resource.
Besides, the DCI of supplementary transmission could be regarded as a second pre-emption indication in case that the real pre-emption indication is missed by victim eMBB users. Following the target reliability of legacy PDCCH, the error rate of the pre-emption indication is about 1%. If a victim eMBB user misses a pre-emption indication, the URLLC data may be wrongly included in the victim eMBB user’s soft buffer. The pre-empted eMBB transmission would be polluted. In the worst case, if the impacted transmission is a re-transmission, all transmissions of the same TB before the impacted transmission would be polluted. If the eMBB user could successfully detect the DCI of a supplementary transmission, at least the worst case could be avoided. The victim eMBB user could know the pre-emption occurs and drop this unreliable transmission. The probability of double error of the pre-emption indication and the supplementary transmission’s DCI is about 10e-4 much smaller than the probability of single error.
[bookmark: OLE_LINK14]The size of DCI for scheduling supplementary transmission should be as same as the DCI for scheduling a new transmission/retransmission. The complexity required for blind detection of supplementary transmission should be similar to normal scheduling DCI.
Proposal 2: The size of DCI for scheduling supplementary transmission should be as same as the DCI size of a new transmission/retransmission schedule.

[bookmark: _Ref478067756]RE-based and CB-based supplementary transmission
The pre-emption indication is helpful to determine the content of supplementary transmission [8]. For instance, based on this indication, the impacted eMBB user could position its preempted REs. The modulation symbols which are originally scheduled on the preempted REs could be the content of supplementary transmission. Another choice is the impacted CBs would be delivered by the supplementary transmission.
RE-based supplementary transmission provides higher spectrum efficiency than CB-based supplementary transmission. The overhead of transmitting the impacted data is always smaller than that of transmitting the impacted CB, as the eMBB transmission could be fully or partially pre-empted. The other benefit is the smaller amount of resource the easier protection for the supplementary transmission from being pre-empted again.
Observation 3: The benefits of delivering the impacted data, but not impacted CBs, to the victim eMBB user in supplementary transmission are:
· Better spectrum usage efficiency,
· Easy protection for the supplementary transmission from being pre-empted again.
One of the simplest way to transmit the impacted data is to directly send the victim eMBB user the modulated symbols which is supposedly carried by the impacted resource. All modulated symbols could be queued as a symbols sequence. Then, this sequence could be mapped to the resource of supplementary transmission in a circular manner, like a symbol-level circular buffer.

[bookmark: _Ref473983523]A/N feedback of supplementary transmission
The supplementary transmission could be received before the A/N feedback of original transmission. The victim eMBB user could decode the TB/TBs based on both the clean signal obtained in the original transmission and the signal carried by supplementary transmission. After, the A/N feedback could be produced based on the combined decoding. If the TB/TBs still fail to be correctly decoded, a normal retransmission could be scheduled later.
Following the agreements[footnoteRef:2], the gNB could indicate a UL resource for the new A/N via the DCI for the supplementary transmission schedule. The indicated UL resource could be or be not as same as the original one. From this point of view, the eMBB user could operate its decoding process as usual even if a supplementary transmission is involved. No any extra complexity, e.g. for accelerating the decoding process, is required to the victim eMBB users. [2:  Agreements: Following timing relationships are indicated to a UE dynamically and/or semi-statically
•	Timing relationship between DL data reception and corresponding acknowledgement] 

Proposal 3: The supplementary transmission (i.e. the subsequent transmission) is scheduled before the A/N feedback of original transmission, if necessary. The A/N feedback should be produced based on the decoding results by combining the clean signal obtained in the original transmission and the signal delivered in supplementary transmission.

Conclusions 
In this contribution, the DL multiplexing between eMBB and URLLC is discussed.FDM between eMBB only region and coexistence region is preferred. We have below proposal, 
Proposal 1: The DL eMBB-only region and coexistence region should be configurable with FDM manner
· The DL eMBB only region serves eMBB users with a typical scheduling interval, e.g. 0.5ms/1ms.
· The DL coexistence region supports dynamic resource sharing between eMBB and URLLC transmissions with/without pre-emption.
· [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]DL eMBB control region and DMRS in DL coexistence region should be protected from being pre-empted.
The subsequent transmissions/retransmission of the impacted eMBB TB/TBs could be utilized to increase the likelihood of successful demodulation and decoding of the TB/TBs. Regarding to the subsequent (re)-transmission, we have below observations and proposals,
Observation 1: The performance loss of mapping CB/CBG in line with URLLC scheduling intervals in the DL coexistence region is obvious.
Observation 2: If a subsequent transmission is not scheduled to rescue the impacted data of the victim eMBB user in some cases:
· One additional retransmission is required.
· The impacted TB/TBs may directly fail in the case that the impacted transmission is the last retransmission chance of a victim transmission.
Observation 3: The benefits of delivering the impacted data, but not impacted CBs, to the victim eMBB user in supplementary transmission are:
· Better spectrum usage efficiency,
· Easy protection for the supplementary transmission from being pre-empted again.
Proposal 2: The size of DCI for scheduling supplementary transmission should be as same as the DCI size of a new transmission/retransmission schedule.
Proposal 3: The supplementary transmission (i.e. the subsequent transmission) is scheduled before the A/N feedback of original transmission, if necessary. The A/N feedback should be produced based on the decoding results by combining the clean signal obtained in the original transmission and the signal delivered in supplementary transmission.
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