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Introduction
In RAN1#86 Meeting [1], it was agreed that:
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

[bookmark: _GoBack]In RAN1 #86bis Meeting [2], it was agreed that:
NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 

In this contribution, we provide our views on dynamic resource sharing between URLLC and eMBB data in the DL and UL when the transmissions from URLLC overlap with resources of an ongoing/scheduled longer transmission. This contribution discusses multiple potential solutions for such dynamic sharing. Aspects specific to the pre-emption solution are discussed in more detail in a companion contribution [3].

Discussion
Preemption
In this multiplexing scheme, URLLC data arrives after resources are allocated for eMBB data. Instead of letting URLLC data wait for the next scheduling time instant, which could be as long as a time slot, the gNB replaces eMBB data with URLLC data on some of the resoruces allocated for eMBB data. 
To the eMBB UE, the URLLC signal on the punctured resources act as interference, which could dramatically degrade the performance as reported in [4]. Therefore, it is important to let the eMBB UE know which resources have been punctured. One possible solution is to preallocate a radio resource allocation region (RRAR) in the resources allocated for eMBB data at the end of the current time slot to tell the eMBB UE where URLLC puncturing has occured. This RRAR is added if URLLC data insertion occurs in the current time slot, and is not added otherwise. We call this in-band signalling. The eMBB UE may use blind decoding. It first tries to decode the eMBB data, assuming that there is no URLLC puncturing. If the decoding fails, the eMBB UE then tries to decode the RRAR. Following the instruction in the RRAR, the eMBB UE excludes the punctured resources in processing the eMBB transmission.                  
As for the URLLC UE, it needs to know when URLLC data is transmitted. Therefore, the gNB needs to inform the URLLC UE of the incoming URLLC data transmission in a timely fashion. This can be done by transmiting URLLC control information in additional RRARs in eMBB resources known to the URLLC UE if there is URLLC data insertion. An RRAR may point to an arbitrary block of resources for URLLC puncturing. More details on supporting the preemption scheme may be found in the companion contribution [5].       

Superposition/Non-orthogonal
In this multiplexing scheme, the URLLC signal is superposed on the eMBB signal on a subset of the resources allocated to eMBB. The superposition could be accomplished by simply adding the two signals (i.e., at power level), or superposition modulation (i.e., at symbol level), or superposition coding (i.e., at codeword level). Superposition may potentially provide better performance than the pre-emption scheme [6]. 
In the downlink, the same methods described in Section 2.1 may be used here, except that the RRARs will now indicate the type of superposition that is being used in order to enable the URLLC UE and the eMBB UE to process the data based on the superposition assumptions for the overlapping resources.  
In the uplink, grantless random-access URLLC transmission can be multiplexed with eMBB transmission from other UEs. In this scenario, the eMBB uplink transmissions are already scheduled (i.e. their transmission is grant-based) and a UE needs to transmit its URLLC data without having a grant from the gNB and without the knowledge of the scheduled uplink transmission from eMBB UEs. In this case, the URLLC uplink transmission may be done on the time/frequency region that is assigned for uplink eMBB transmission (or a part of it). In this case, gNB needs to be able to blindly detect the URLLC UE and separate the URLLC UE data from the data of the scheduled eMBB UEs. The URLLC transmission may also overlap with the mMTC resource region.
One method to achieve this requirement is to assign to each URLLC a small subset of the region that is assigned for eMBB transmission and in that small subregion (which can be a part of time slot/subframe on a small frequency subbband), the URLLC UE transmits with higher power (to be dominant over the power of uplink transmission from possible scheduled eMBB UEs). At the receiver, the gNB can detect the transmission from the URLLC UE by detecting high power density in that UE-specific subregion and then use successive interference cancellation (SIC) to detect and remove the URLLC UE data and then decode the eMBB data.  
Another method is to use low-rate CDMA techniques to spread the URLLCs data over the whole region (or a large part of it) based on the signature assigned to that URLLC UE. This code-based spreading can be in only frequency (to limit the latency) or both in frequency and time. At the receiver, the gNB can blindly monitor the CDMA transmission using different signatures (corresponding to different potential URLLC uplink transmissions) and blindly detect the URLLC user and then use successive interference cancellation (SIC) to remove the URLLC data and decode the eMBB data.  

Proposal 1: Consider dynamic in-band signalling and blind decoding for superposition-based dynamic resource sharing between URLLC and eMBB.
Proposal 2: Consider non-orthogonal transmission of eMBB and grant-free URLLC for the uplink.

MU-MIMO 
In this multiplexing scheme, the URLLC signal overlaps with some of the eMBB signal in time and frequency resources, but not in the spatial domain. That is, URLLC traffic and eMBB traffic are multiplexed via MU-MIMO. Accordingly, the gNB may need to switch between SU-MIMO and MU-MIMO mode of operations within a time slot/subframe.  

Proposal 3: Consider dynamic SU/MU-MIMO switching within a slot/subframe for eMBB/URLLC multiplexing.  

Hybrid Beamforming
For higher frequency transmission with hybrid beamforming, the effective beamformer is a combination of an analog RF beamformer and a digital baseband beamformer. In this scenario, the gNB may need to change the analog beamforming when URLLC data insertion occurs so that the analog beam can cover both the eMBB UE and the URLLC UE. This is shown in Figure 1, where the green ellipse representing the analog beamchanges dynamically over time within the slot/subframe. In addition, the gNB needs to apply different precoders (digital beamforming) to the two UEs such that the overall beams point to different directions, one to the URLLC UE and the other to the eMBB UE. Note that the overall beam is composed of the analog beam and a digital beam as shown in Figure 2 where the UEs are separated in the digital domain using MU-MIMO.
Proposal 4: Consider dynamic analog beam switching within a slot/subframe for eMBB/URLLC multiplexing  



[bookmark: _Ref465344547]Figure 1 Dynamically change analog beamforming within a slot/subframe as URLLC data insertion occurs.



[bookmark: _Ref465344568]Figure 2 Dynamically change the overall beam within a slot/subframe as URLLC data insertion occurs.


In the absence of MU-MIMO, the described analog beamforming scheme may be necessary for other multiplexing schemes such as puncturing or superposition. In this case, the URLLC transmission does not use a digital beam and only uses an analog beam as shown in Figure 3 to avoid the need for PMI feedback.



[bookmark: _Ref465956361]Figure 3 Beamforming with superposition: Dynamically change the overall beam within a slot/subframe as URLLC data insertion occurs, where the URLLC does not use a digital beam and uses an analog beam only.
     

Summary
This contribution discussed 
Proposal 1: Consider dynamic in-band signalling and blind decoding for superposition-based dynamic resource sharing between URLLC and eMBB. 
Proposal 2: Consider non-orthogonal transmission of eMBB and grant-free URLLC for the uplink.
Proposal 3: Consider dynamic SU/MU-MIMO switching within a slot/subframe for eMBB/URLLC multiplexing. 
Proposal 4: Consider dynamic analog beam switching within a slot/subframe for eMBB/URLLC multiplexing.  

References
[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]RAN1#86 Chairman’s Notes, August, 2016.
[bookmark: _Ref466047212]RAN1#86bis Chairman’s Notes, October, 2016.
[bookmark: _Ref466049282]R1-1612316, “Scheduling and support for service multiplexing”, InterDigital, RAN1#87, November, 2016.
R1-1609060, “Impact on eMBB PDSCH BLER by eMBB puncturing to support URLLC”, Samsung,  RAN1#86bis, October, 2016.
R1-1609058, “Evaluation results of superposition scheme in case of multiplexing eMBB and URLLC”, Samsung, RAN1#86bis, October, 2016.




image2.emf
Time

Overall Beam 1

Overall Beam 2

Overall Beam 1

Overall Beam 3

During URLLC data insertion 

(MU-MIMO)

No URLLC data insertion

No URLLC data insertion

gNB

gNB

gNB

URLLC UE

eMBB UE

eMBB UE

eMBB UE

URLLC UE

URLLC UE


Microsoft_Visio_Drawing2.vsdx
Time




Overall Beam 1
Overall Beam 2


Overall Beam 1
Overall Beam 3
During URLLC data insertion 
(MU-MIMO)
No URLLC data insertion
No URLLC data insertion
gNB
gNB
gNB
URLLC UE
eMBB UE
eMBB UE
eMBB UE
URLLC UE
URLLC UE



image3.emf
Time

Overall Beam 1 Overall Beam 1

Overall Beam 2

Analog beam 2

During URLLC data insertion 

(MU-MIMO)

No URLLC data insertion

No URLLC data insertion

gNB

gNB

gNB

URLLC UE

eMBB UE

eMBB UE

eMBB UE

URLLC UE

URLLC UE


Microsoft_Visio_Drawing3.vsdx
Time




Overall Beam 1


Overall Beam 1
Overall Beam 2
Analog beam 2
During URLLC data insertion 
(MU-MIMO)
No URLLC data insertion
No URLLC data insertion
gNB
gNB
gNB
URLLC UE
eMBB UE
eMBB UE
eMBB UE
URLLC UE
URLLC UE



image1.emf
During URLLC data insertion

(puncturing, superposition, MU-MIMO, etc.)

No URLLC data insertion

Time

gNB

eMBB UE

URLLC UE

eMBB UE

URLLC UE

Analog Beam 1

Analog Beam 2

gNB

eMBB UE

URLLC UE

Analog Beam 1

No URLLC data insertion

gNB


Microsoft_Visio_Drawing1.vsdx
During URLLC data insertion
(puncturing, superposition, MU-MIMO, etc.)
No URLLC data insertion
Time


gNB
eMBB UE
URLLC UE


eMBB UE
URLLC UE
Analog Beam 1
Analog Beam 2
gNB


eMBB UE
URLLC UE
Analog Beam 1
No URLLC data insertion
gNB



