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1. Introduction
NR is targeting to support broad range of vertical services categorized by eMBB, mMTC and URLLC by a single technical framework [1]. Supporting vertical services by single radio interface is also attractive from operational point of view. However, there would be several challenges to achieve efficient co-existence among vertical services. In this contribution, we provide our views on the co-existence of eMBB and URLLC.
2. Discussion
Co-existence from UE perspective

We consider that a UE can have both eMBB and URLLC traffic. For example, tactile, video, audio and other control signaling will be carried to realize remote surgery and some are categorized to eMBB traffic. Similar can be said to vehicular communication where safety V2X and infotainment services can be co-existed within a UE. Therefore necessity enhancement to support co-existence of eMBB and URLLC needs to be studied. 
Observation 1: eMBB and URLLC can be co-existed from UE perspective.
Proposal 1: Nnecessary enhancement to support co-existence of eMBB and URLLC needs to be studied.
Co-existence from system perspective (in the same carrier)

Multiplexing of eMBB and URLLC is attracting interests for efficient operation because of uncertain traffic volume for URLLC. Hence URLLC/ eMBB multiplexing capacity is defined as a KPI for URLLC evaluation in RAN1#85 [2]. Currently three types of multiplexing are considered as shown in Figure 1. Option 1 assumes single numerology (with short TTI) in the same carrier. All the UE connecting to the cell need to be capable of short TTI regardless its intended services (eMBB or URLLC) for option 1. 
Observation 2: For single numerology with short TTI, only the UE capable of short TTI can be connected to the cell where short TTI is configured regardless intended services (eMBB or URLLC).

Option 2 and option 3 are multiplexing of different numerology in the same carrier. So numerology is optimized to each service (eMBB and URLLC). For option 3, normal TTI transmission/reception can be punctured during DL transmission. For any options, obviously URLLC has a primary access and eMBB has a secondary access. So performance degradation on URLLC due to eMBB multiplexing should be avoided as much as possible. In the following, we discuss potential impact on eMBB performance when the same carrier is shared with URLLC. FDD case and TDD case are separately discussed. Summary and illustration is shown in Table I and Figure 2.
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Figure 1: eMBB and URLLC multiplexing options
· FDD case
For single numerology with short TTI, there are no drawbacks on URLLC latency due to eMBB traffic as long as packet priority is taken into account on eNB scheduling and UL transmission. eMBB traffic can be carried using remaining resource after scheduling to URLLC packets. eMBB performance can be degraded due to larger signaling overhead on UL/DL control for short TTI.
For mixed numerology, it is not always possible to schedule URLLC packet in prior to eMBB packet due to longer TTI for eMBB. So interruption on normal TTI due to short TTI transmission in the same direction needs to be allowed. For uplink, there are no choice but to semi-statically blanking UL resource of normal TTI in order to allow UL transmission with short TTI at any time because UL transmission cannot be suspended during its transmission. It is noted that blanking needs to be performed regardless URLLC packet arrival and constant resource waste may happen. For downlink, it is possible to puncture DL transmission of normal TTI only when DL traffic of URLLC arrives to eNB (option 3) instead of semi-static blanking (option 2). It is considered to apply reliable coding scheme for DL transport on normal TTI to protect BLER degradation on eMBB with the cost of additional redundancy. 
Observation 3: For mixed numerology on FDD carrier, resource blanking/puncturing is necessary to support interrupting transmission of short TTI during normal TTI.

· TDD case
For TDD, UL/DL switching needs to be considered in addition to above aspects on FDD. Dynamic TDD can be assumed to realize short latency for any options. Impact of cross interference on URLLC reliability due to dynamic TDD operation needs to be evaluated. In the following, we assume UL data transmission or DL data reception at a given TTI for simplicity.
Observation 4: For TDD carrier, impact of cross interference on URLLC reliability due to dynamic TDD operation needs to be evaluated.
For single numerology with short TTI, there are no drawbacks on URLLC latency due to eMBB traffic as long as packet (or bearer) priority is taken into account on eNB scheduling and UL transmission. eMBB traffic can be carried using remaining resource after scheduling to URLLC packets.
For mixed numerology, interruption on normal TTI due to short TTI transmission in the different direction (UL/DL) needs to be allowed. In order to realize UL/DL transmission for URLLC service with shot latency, it is beneficial if UL/DL configuration is determined with short periodicity, e.g., per short TTI. However, eNB may not be able to decide UL/DL of normal TTI if UL/DL can be determined per short TTI because of longer UL/DL configuration for normal TTI. Therefore blanking/puncturing on normal TTI to allow short TTI transmission within normal TTI is necessary. On packet arrival of DL for URLLC during UL transmission of normal TTI, DL transmission using short TTI is only protected from UL transmission if some UL symbols in the normal TTI is blanked. As blanking is per symbol blanking, significant resource waste will be introduced. On packet arrival of UL for URLLC during DL transmission of normal TTI, either blanked symbol (option 2) or punctured symbol (option 3) is considered. However, for option 3, how eNB recognize UL packet arrival in order to decide puncturing DL symbol is unclear –UE cannot transmit SR without semi-statically blanked symbol on normal TTI as it is during DL on normal TTI. Hence blank symbol(s) seems to be necessary to support short UL transmission during normal DL TTI. Therefore, DL and UL throughput of eMBB will be further degraded due to necessary blank symbol(s) for TDD – As it is symbol-level blanking, its impact on eMBB throughput is significantly higher than FDD case where PRB level blanking is assumed.
Observation 5: For mixed numerology on TDD carrier, additional symbol blanking is necessary on DL and UL to support transmission of short TTI during normal TTI in different direction (UL/DL).
Table I: Comparison summary of multiplexing options
(1) FDD
	
	Option 1
Single numerology
	Option 2
Mixed numerology 
w/o puncturing
	Option 3

Mixed numerology 
w/ puncturing

	Short DL 
on normal DL
	
	Blank resource 
on normal TTI needed
	Puncturing on normal DL
if URLLC (DL) packet arrives

	Short UL 
on normal UL
	
	Blank resource on normal TTI needed


(2) TDD (Red part is additional aspect compared to FDD)
	
	Option 1
Single numerology
	Option 2
Mixed numerology w/o puncturing
	Option 3

Mixed numerology w/ puncturing

	Short UL on short DL
Short DL on short UL
	TDM

	Short DL 
on normal DL
	
	Blank resource 
on normal TTI needed
	Puncturing on normal DL
if URLLC (DL) packet arrives

	Short UL 
on normal UL
	
	Blank resource on normal TTI needed

	Short DL 
on normal UL
	
	Blank symbol on normal TTI needed

	Short UL 
on normal DL
	
	Blank symbol on normal TTI needed

(eNB is unaware of URLLC (UL) packet arrival without blanking)
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Figure 2: Illustration of multiplexing issue for mixed numerology
Considering potential drawback on eMBB for option 2 and option 3, single numerology will be more relevant to co-existence of eMBB and URLLC in the same carrier. However, option 1 mandates UE to be capable of short TTI even if a UE connecting to the cell only needs eMBB services. Therefore it is also beneficial if mixed numerology is supported by UE transparent manner considering forward compatibility. If some UE does not support short TTI, mixed numerology needs to be considered as an option for efficient operation. Further optimization can be considered according to identified service demand. Therefore, we propose:
Proposal 2: Single numerology and mixed numerology by UE transparent manner is considered for initial phase of URLLC support. 
Co-existence from system perspective (in different carrier)

Initial deployment of NR can be realized by interworking with LTE, i.e., dual connectivity. Although some of U-plane traffic can be carried by LTE carrier, it is challenging to meet the requirement of URLLC by LTE due to limited capability on low latency and high reliability operation. So URLLC traffic shall be carried by NR carrier. In fact, similar can also be said to NR carrier; considering the requirement of URLLC, it is possible that higher network complexity is assumed to support URLLC services, e.g., faster processing for short latency and larger antenna, wider bandwidth for reliability. Furthermore, nationwide coverage is assumed for URLLC operation unless required service area is limited. If URLLC operated carrier or area is not limited, deployment cost will be a huge burden for operators. Therefore, even among NR carriers, limited number of carriers will be capable of URLLC services and URLLC packet should be carried by such carriers. Another scenario we need to consider is dedicated carrier for URLLC. If eMBB and URLLC is co-existed in a UE and URLLC is operated in dedicated carrier, multi-carrier operation is inevitable. As simultaneous UL transmission of different service may impact the reliability, packet priority dependent power control mechanism can be considered in addition to carrier and channel dependent power control in LTE.
Observation 6: Some carriers may not support URLLC services due to limited capability of eNB or limited coverage. At least LTE would not be able to meet the URLLC requirement without significant enhancement.
Proposal 3: Multi-carrier operation where supported service type (eMBB, URLLC) is different among carriers needs to be considered.
3. Conclusion

In this contribution, we provide our views on co-existence of eMBB and URLLC. Observation and proposals are summarized below.

· Observation 1: eMBB and URLLC can be co-existed from UE perspective.
· Observation 2: For single numerology with short TTI, only the UE capable of short TTI can be connected to the cell where short TTI is configured regardless intended services (eMBB or URLLC).
· Observation 3: For mixed numerology on FDD carrier, resource blanking/puncturing is necessary to support interrupting transmission of short TTI during normal TTI.
· Observation 4: For TDD carrier, impact of cross interference on URLLC reliability due to dynamic TDD operation needs to be evaluated.
· Observation 5: For mixed numerology on TDD carrier, additional symbol blanking is necessary on DL and UL to support transmission of short TTI during normal TTI in different direction.
· Observation 6: Some carriers may not support URLLC services due to limited capability of eNB or limited coverage. At least LTE carrier would not be able to meet the URLLC requirement without significant enhancement.
· Proposal 1: Nnecessary enhancement to support co-existence of eMBB and URLLC needs to be studied.
· Proposal 2: Single numerology and mixed numerology by UE transparent manner is considered for initial phase of URLLC support.
· Proposal 3: Multi-carrier operation where supported service type (eMBB, URLLC) is different among carriers needs to be considered.
References

[1] NTT DOCOMO, RP-160671, “New SID Proposal: Study on New Radio Access Technology,” RAN#71, March 2016.
[2] RAN1, “RAN1 Chairman’s note,” RAN1#85, May 2016.

- 3/5 -

