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1. Introduction

In RAN#84 the WID for Rel-16 eURLLC is updated in [1] where a new RAN4 related objective is added to the core part of the WI.
	· Specification of URLLC RAN4 core requirements based on Rel-15 URLLC functionalities [RAN4]

· Investigate and specify the RLM requirements to support high reliability, if needed

· Investigate and specify the RLM requirements for low latency, if needed


In this paper we will provide our views on the RRM impact due to support of URLLC.
2. Discussion
Firstly, it should be noted that the WI is for Rel-16 eURLLC, while the RAN4 objective is focused on the impacts of Rel-15 URLLC functionalities. Based on our analysis, there is no RRM impact from the Rel-16 new functionalities/features for eURLLC, which according to [1] include enhancements on 

· PDCCH, 

· UCI, 

· PUSCH (both grant based and configured grant based), 

· scheduling/HARQ, 

· inter-UE Tx prioritization/multiplexing, 

· UL configured grant transmission
Proposal 1: RAN4 to focus on potential RRM impacts due to Rel-15 URLLC functionalities. No RRM impact is seen from Rel-16 eURLLC functionalities.
The RAN4 objective is split into two sub-objectives, one for high reliability and the other for low latency.
2.1. High reliability

Rel-15 URLLC targets 10e-5 reliability. The identified RRM impact due to high reliability is RLM. In RLM, UE measures the link quality on the configured RLM-RS-es, and for each link, UE compares the measured SINR with threshold Qout for out-of-sync detection and Qin for in-sync detection. Qout and Qin are derived from pre-defined target BLER of hypothetical PDCCH transmission. Both the target BLER and the parameters of the hypothetical PDCCH transmission are specified in 38.133.
· For out-of-sync, the target BLER is 10%, and the PDCCH parameters are defined in Table 8.1.2.1-1 for SSB based RLM and Table 8.1.3.1-1 for CSI-RS based RLM. 

· For in-sync, the target BLER is 2%, and the PDCCH parameters are defined in Table 8.1.2.1-2 for SSB based RLM and Table 8.1.3.1-2 for CSI-RS based RLM.
Both the PDCCH BLER and the PDCCH parameters are selected assuming eMBB services. For URLLC, the target PDCCH BLER is much lower than 10% or 2%, and the PDCCH may be transmitted with different parameters, e.g. higher aggregation level or different DCI format. Therefore, it is a question whether a separate RLM should be defined for URLLC.

It should be re-called that the same issue has been discussed for LTE HRLLC in Rel-15. At that time, RAN4 did not make a conclusion, instead we consulted with RAN1 by sending the questions in [2]. RAN1 replied the LS in [3], which indicated that a separate RLM for URLLC services is not seen as needed. In our view, for NR URLLC the same approach should be used because the technical issue is exactly the same. Also, in our view, since RAN1 has evaluated the PDCCH performance and has defined the techniques to achieve the reliability target, the new target BLER and new parameters of the hypothetical PDCCH transmission should be defined by RAN1, if RAN1 considers the new RLM requirements for URLLC as necessary.
Proposal 2: RAN4 to send LS to ask RAN1 if separate RLM requirements should be defined for high reliability, and if so, the suggestions on the new target BLER and new parameters of the hypothetical PDCCH transmission.

We have prepared a draft LS in [4].
2.2. Low latency 
Rel-15 NR by nature has the basic support for low latency, e.g. short slot length with large SCS, non-slot (mini-slot) based resource allocation, reduced processing time, flexible UL/DL allocation, grant-free UL transmission, DL pre-emption, etc. 

To identify the RRM impacts due to low latency, one reference is the Rel-15 LTE sTTI. Next, we will go through all the RRM enhancements that were introduced for Rel-15 sTTI WI, and give our considerations on the need of similar enhancements for NR low latency.
	sTTI RRM enhancements
	Consideration for NR low latency 

	Terminology and clarification 


	For sTTI, the scheduling can be based on slot or subslot as compared to subframe for normal LTE, so new terminology is defined such as SPDCCH and SPUCCH. The DRX definition, UL channels in Tx timing requirements, TTIDCCH definition in measurement reporting delay, PHR estimation period are also clarified due to the new scheduling granularity.

New terminology and clarification are not needed for NR, as NR supports symbol level scheduling by nature and no special terminology has been defined for that.

	TA adjustment delay
	For sTTI, the TA adjustment delay is shortened compared to normal LTE, due to shorter PDSCH processing time.

For NR, the TA adjustment delay is specified as n+ k+1, where k is defined in clause 4.2 in TS 38.213. In 38.213, k is defined as 
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PDSCH and PUSCH processing time are reflected by NT,1 and NT,2, which are further depending on the SCS. Also, according to 38.213, the new TA should be applied at the beginning of slot n+k+1, so there is no need to consider non-slot based scheduling.

In short, we see no need to update TA adjustment delay for NR low latency.

	SCell activation / deactivation /  hibernation delay
	For sTTI, the delay for SCell activation, deactivation and hibernation is shortened compared to normal LTE, due to shorter PDSCH HARQ delay (which is in essence due to shorter PDSCH processing time). The interruption location is also updated to be in relation to the PDSCH HARQ delay.

In NR, the SCell activation/deactivation delay does not include the actual time of PDSCH HARQ delay, instead a term THARQ is used in general. The interruption location is also specified in relation to THARQ. 

According to RAN1, THARQ is based on indication or configuration (K1) from network. K1 is defined in number of slots, and the network should ensure it is longer than the UE PDSCH processing time.

Since PDSCH HARQ delay is not explicitly visible in SCell activation/deactivation, we see no need to update the SCell activation / deactivation requirements for NR low latency. 

Similarly, in TCI switching requirements THARQ is also used, so there is no need to update TCI switching requirements for NR low latency. 

	MTTD/MRTD
	For sTTI, the MRTD/MTTD for normal LTE is re-used. However, timing difference between the earliest UL and the latest DL of all CCs are defined as conditions for MRTD/MTTD requirements to apply. The condition is to allow enough PDSCH processing time considering the maximum TA and timing difference between CCs.

For NR, UE PDSCH processing time, effect of TA and the timing difference between CCs are already considered in the PDSCH HARQ delay according to clause 5.3 of 38.214. Therefore, we see no need to update MRTD/MTTD requirements or define additional applicability conditions for NR low latency.

	Interruption
	For sTTI, there was a discussion if to define new interruption requirements where the interruption will not cause the full subframe to be not schedulable. In the end, considering the scheduling granularity is up to network and the worst case is still subframe level, the interruption length was not changed compared to normal LTE,  For interruption die to D2D, a note is added that interruption duration is expected to be shorter in both UL and DL when ShortTTI-r15 is configured.

For NR, interruptions are defined for CA, DC, and SFTD measurements. For all cases, the interruption length is defined in number of slots of the victim serving cell. In our view, following the same logic from sTTI discussion, defining the interruption length in smaller granularity, e.g. symbol level, is not suggested; otherwise we need to define interruption lengths for all scheduling granularities, which will cause big specification efforts. On the other hand, the absolute interruption time is 500us in most cases, so interruption length in slot does not actually cause resource waste for SCS above 15k. 

Based on above analysis, we see no need to update the interruption requirements for NR low latency.

	ACK/NACK number with autonomous gaps
	For sTTI, a note is added to the ACK/NACK with autonomous gap in CGI reading requirements that when ShortTTI-r15 is configured, a greater number of transmitted ACK/NACK is expected. This is because the time when UE is schedulable, i.e. leaving out the autonomous gap, is an absolute time period, so the ACK/NACK number depends on the scheduling granularity.

For NR there is no CGI reading requirements in Rel-15, so there is no need but autonomous gap and related ACK/NACK number are defined for inter-RAT RSTD measurements. The ACK/NACK is defined depending on the SCS of the serving cell. In our view, this is quite sufficient to verify that UE is not using additional time for autonomous gap, if the length of autonomous gap is depending on the SCS of measured carrier.

NR CGI reading requirements will be defined in the Rel-16 RRM enhancement WI, and there RAN4 should define the ACK/NACK number with autonomous gaps based on the SCS of the measured carrier and the SCS of the serving cell.


Based on above analysis, it seems low latency features in Rel-15 NR (multiple numerologies, symbol level scheduling, UE processing time) are already taken into account in most of the Rel-15 RRM requirements. On the other hand, we are open to discuss if other NR RRM requirements should be updated for low latency.

Proposal 3: The following RRM requirements are considered to be enhanced for low latency.

· ACK/NACK number during CGI reading with autonomous gaps (which are to be defined in Rel-16 RRM enhancement WI)
3. Conclusions

In this paper we provided our views on RRM impact due to support of URLLC.
Proposal 1: RAN4 to focus on potential RRM impacts due to Rel-15 URLLC functionalities. No RRM impact is seen from Rel-16 eURLLC functionalities.
Proposal 2: RAN4 to send LS to ask RAN1 if separate RLM requirements should be defined for high reliability, and if so, the suggestions on the new target BLER and new parameters of the hypothetical PDCCH transmission.

Proposal 3: The following RRM requirements are considered to be enhanced for low latency.

· ACK/NACK number during CGI reading with autonomous gaps (which are to be defined in Rel-16 RRM enhancement WI)
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