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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In previous RAN1 meetings it has been agreed that an extended CP is supported for NR. More specifically, in addition to the NCP there is at most one extra CP overhead allowed per sub-carrier spacing.
Further details on how this extra CP overhead is defined have not been decided yet. During the previous RAN1 meetings various candidate solutions for the 60 kHz ECP have been brought up by different companies. Their range goes from “no need for an extended CP at all”, over various versions of semi-extended CPs (e.g. 49 or 52 symbols per ms) to the LTE-ECP. This contribution summarizes these solutions and compares them for different use cases. In our view, the different use cases should be prioritized. If a use case is indentified to be important enough, then the ECP design that is most suitable for this most important use case should be selected for the 60 kHz SCS. 
For us it seems more reasonable to first better understand the use cases and benefits and then to decide on the details of the ECP rather than the other way round.
2. Discussion
URLLC and eMBB use cases
The possibility of ECP at 60 kHz is discussed for URLLC, eMBB and multiplexing of eMBB and URLLC.
Discussion of URLLC – overview about presented solutions:  
For URLLC, several solutions have been presented and discussed in previous contributions. They employ different subcarrier spacings, use different CP overheads and provide different cyclic prefix lengths:


	Nr
	Subcarrier spacing
	URLLC transmission length [# OS]
	CP type
	CP length

	1
	15 kHz
	2
	NCP
	4.6 us

	2
	30 kHz
	2
	NCP
	2.3 us

	3
	30 kHz
	4
	NCP
	2.3 us

	4
	60 kHz
	6
	LTE-ECP
	4.17 us

	5
	60 kHz
	7
	49-CP (extended)
	3.74 us

	6
	60 kHz
	13
	52-CP (semi-extended)
	2.56 us


Table 1 – Different solutions for URLLC
Considering the cyclic prefix lengths of the different solutions in table 1, it can be seen that about the same duration can be achieved by different solutions. Besides the form LTE know NCP and LTE-ECP, also other solutions hasve been presented such as the 49-CP [3] and the 52-CP [4]. 
Observation 1: About the same cyclic prefix duration can be achieved by different combinations of SCS and CP overhead. 
In [2], it is observed that when a longer CP duration is achieved by a larger overhead, it comes at the cost of having fewer resources available for pilots and data. Therefore, an evaluation of CP families should be done in conjunction with the pilot pattern design. It should also be noticed that shorter transmission units as for example 2OS or 4OS in general have a larger overhead for control / RS. Furthermore, it is also found that the usage of LTE-ECP allows only for 2 transmissions to meet the URLLC delay requirement, whereas scaled NCP would allow for 3 transmissions.
Observation 2: There is no consensus within RAN1, whether an extra CP overhead on top of the scaled NCP gives any benefit for the URLLC case.
Proposal 1: RAN1 shall decide on whether an extra CP overhead for SCS = 60 kHz is required to support URLLC.
Furthermore, for the SCS = 60 kHz, it can be seen in table 1, that two different CP durations are proposed for the extra CP; a semi-extended CP with a duration of 2.56 us but two kinds of extended CP with durations between 3.74 us and 4.17 us.
Observation 3: If an extra CP overhead would be needed, there is no consensus on which extra CP duration to support, i.e. it is not known how much extension of the NCP duration is needed.  
In order to go one with the detailed design of the extended CP, first an answer to the above mentioned 2 observations needs to be given:
1. Is there any benefit for URLLC by introducing an extra CP overhead?
2. If there is a benefit, which CP duration shall be supported by the extra CP overhead at SCS of 60 kHz? Should it be a semi-extended duration or an extended duration?  

Proposal 2: If RAN1 find it necessary to define an extra CP duration for SCS = 60 kHz, it needs to be down-selected whether a semi-extended or an extended duration shall be supported.
Discussion of URLLC – comparison of two candidate solutions for the extended CP duration
Under the assumption that RAN1 would find that the scaled NCP is not sufficient for URLLC and that the extra CP overhead should allow for an extended CP duration at SCS = 60 kHz (e.g. a value between 3.74 us and 4.17 us), then two candidate methods remain from table 1, the scaled LTE-ECP and the 49-CP. The 49-CP has been presented in e.g. [3]. In that reference, also its link-level performance is compared with the LTE-ECP for the DS 300ns and DS 1000ns models. It is shown that they are equivalent.
Below, examples for the scaled LTE-ECP and the 49-CP are given for FDD and TDD. In Figure 1 it is shown that both the 49-CP and the scaled LTE-ECP align on 1ms boundaries and that their URLLC transmission burst durations are similar. The 49-CP has a slightly higher throughput on data symbols (5%), though. In figure 2, it is illustrated that the 49-CP also is suitable for TDD. Fast, long and also asymmetric UL/DL switching intervals can be realized.
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Figure 1 – FDD: 49-CP and scaled LTE-CP for SCS = 60 kHz. Both candidate solutions are aligned with 1ms boundaries. The 49 CP allows for slightly more data symbols per ms.
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Figure 2 – TDD: Different UL/DL switching intervals for the 49-CP
Observation 4: The 49-CP and scaled LTE-ECP have similar performances for URLLC. If one of them should be selected as extended CP for SCS = 60 kHz, other criteria than their URLLC-stand alone properties should be considered. 
Discussion of eMBB   
The reason to think about the introduction of SCS = 60 kHz for URLLC was to create shorter symbols and by doing so to reduce the latency of the transmission unit. The shorter symbol duration implies by default also a shorter CP duration. Therefore, the introduction of a larger CP overhead for URLLC has been considered by several companies.
For eMBB, on the other hand, there is no need to reduce the symbol duration to meet tough latency requirements. The only reason why SCS = 60 kHz could be considered for eMBB is a very high frequency offset. 
Observation 5: For frequencies below 6 GHz the introduction of SCS = 60 kHz for eMBB is questionable. For the niche case of very high speed, a subcarrier spacing of 60 kHz might be considered.
In [2] it has been observed that at least for the HST channel model, a large Doppler and a large delay spread do not occur simultaneously.  At least for that case, an ECP at SCS = 60 kHz is not needed. Therefore, if an extended CP for SCS of 60 kHz really needs to be supported for eMBB should be studied further. Are there for instance other high speed use cases that would require an extended CP at SCS of 60 kHz? If yes, are they considered to be so important that we would spend our only available CP overhead on them? Again, in our view we should first find and understand the most important use case and then decide on the details of the extended CP.
Observation 5: At least for the HST channel model, the LTE-ECP is not efficient.
If RAN1 would find it necessary to supported an extended CP at SCS = 60 kHz for eMBB, then both the 49-CP and the scaled LTE-ECP are feasible candidates. Which one to finally select would depend on other characteristics. 
Observation 6: Both the 49-CP and the scaled LTE-ECP have similar performances for eMBB
To summarize our view on ECP for SCS of 60 kHz for eMBB and URLLC:
· Below 6 GHz, for eMBB, we do not see an obvious need to introduce SCS = 60 kHz regardless the CP overhead
· If SCS = 60 kHz is used for eMBB, then it is still questionable of an extended CP duration is needed.
· For URLLC there is no consensus on if a scaled NCP is sufficient or not. However, it seems that an extended CP with SCS = 60 kHz for URLLC has somewhat more support from different companies than for eMBB.
· If a decision would be made that an extended CP duration for SCS = 60 kHz shall be supported with the duration between 3.74 - 4.17 us, then the decision would be between the scaled LTE-ECP and the 49-CP.  Both candidates’ performance is similar for stand-alone URLLC and eMBB, therefore other criteria should be evaluated to decide which solution to support.

URLLC/eMBB multiplexing
The most important applications for NR are eMBB and URLLC. The traffic of URLLC is sporadic and of wideband character. To solely support URLLC on reserved time/frequency resources is not efficient, at least in DL. Therefore, multiplexing between URLLC and eMBB should be considered. In our view this is best achieved by puncturing which is elaborated in the companion contribution [5]. Therefore, when an extended CP has to be introduced it should be done to support the eMBB/URLLC puncturing in the most efficient way.
Proposal 3: Multiplexing between eMBB and URLLC by puncturing should be considered as the most important use-case for the possible introduction of an extended CP at SCS = 60 kHz.
Considering the previous discussions, 15 kHz and 30 kHz SCS with NCP should be assumed as the baseline numerologies for eMBB. As long as URLLC also uses the scaled NCP, puncturing can be realized efficiently due to the symbol level alignment across sub-carrier spacings of the same CP family. The URLLC transmission bursts align with the symbol boundaries of the eMBB baseline numerology.  This is not given anymore when URLLC uses the scaled LTE-ECP. Then, the URLLC transmission burst is misaligned with the eMBB symbol boundaries. On the other hand, when URLLC uses the 49-CP, also the extended CP at SCS = 60 kHz is perfectly aligned with the eMBB symbols. This is illustrated in Figure 3 below. 
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Figure 3 – Puncturing of eMBB symbols with URLLC transmission bursts. As long as URLLC uses NCP or 49-CP, the URLLC burst are aligned with the symbol boundaries of eMBB. For the scaled LTE-ECP, symbol alignment with eMBB is not given
Note that not all URLLC UEs, have to use the extended CP, even if the SCS is 60 kHz. For most UEs probably the scaled NCP is sufficient. It should therefore be possible that both URLLC NCP and URLLC ECP UEs puncture out the symbols of the eMBB numerology. This is very simple, if RAN1 adopts an ECP-type whose URLLC bursts are symbol aligned with the eMBB baseline numerology. The available resources would be used efficiently for eMBB, regardless which CP type is applied to the URLLC. Also, in such kind of scheme, the choice or URLLC-CP would be transparent to the eMBB. 
Observation 7: The URLLC transmission units of the 49-CP align with the eMBB baseline numerologies on symbol boundaries. This is allows for resource-efficient puncturing. Furthermore, the CP type with is used by the URLLC it becomes transparent to the eMBB UE. 
Proposal 4: When an extended CP is designed for SCS = 60 kHz, then the 49-CP should be used.
There is no need to rush into an early decision on the details of the extra CP design. The importance of the different use cases might change during the development of NR or even new more important applications will come up.
ECP relationship to other sub-carrier spacings
The agenda item to which this contribution is submitted to is limited to the ECP design on 60 kHz. But later on, RAN1 might also want to consider an extra CP overhead for other subcarrier spacings. Options for SCS = 120 kHz and 240 kHz have already been brought up in previous contributions. The decision on the design details for a possible 60 kHz ECP also depends on the desired relationship to extra CP overheads in other SCS. One question that should be answered is, for example, if the same extra CP overhead shall be applicable for all SCS (i.e. a scalable ECP), or if different SCS may have different extra CPs?
It is the view of our company that, on top of the scaled NCP, different SCS may use different extra CP overheads for the extended CP. Thus, scalability across sub-carrier spacings is not required for the extra CP overhead. But as off-line discussions during previous meetings have shown, there is no consensus on this view. 
Proposal 5: In order to be able to decide the design details of the 60 kHz SCS, one should also answer whether ECP scalability across different sub-carrier spacings is required.          
3. Conclusion
Based on the analysis given above, we have made the following observations and proposals:
Observation 1: About the same cyclic prefix duration can be achieved by different combinations of SCS and CP overhead. 
Observation 2: There is no consensus within RAN1, whether an extra CP overhead on top of the scaled NCP gives any benefit for the URLLC case.
Observation 3: If an extra CP overhead would be needed, there is no consensus on which extra CP duration to support, i.e. it is not known how much extension of the NCP duration is needed.  
Observation 4: The 49-CP and scaled LTE-ECP have similar performances for URLLC. If one of them should be selected as extended CP for SCS = 60 kHz, other criteria than their URLLC-stand alone properties should be considered. 
Observation 5: For frequencies below 6 GHz the introduction of SCS = 60 kHz for eMBB is questionable. For the niche case of very high speed, a subcarrier spacing of 60 kHz might be considered.
Observation 6: Both the 49-CP and the scaled LTE-ECP have similar performances for eMBB
Observation 7: The URLLC transmission units of the 49-CP align with the eMBB baseline numerologies on symbol boundaries. This is allows for resource-efficient puncturing. Furthermore, the CP type with is used by the URLLC it becomes transparent to the eMBB UE. 

Proposal 1: RAN1 shall decide on whether an extra CP overhead for SCS = 60 kHz is required to support URLLC.
Proposal 2: If RAN1 find it necessary to define an extra CP duration for SCS = 60 kHz, it needs to be down-selected whether a semi-extended or an extended duration shall be supported.
Proposal 3: Multiplexing between eMBB and URLLC by puncturing should be considered as the most important use-case for the possible introduction of an extended CP at SCS = 60 kHz.
Proposal 4: If an extended CP is designed for SCS = 60 kHz, then the 49-CP should be used.
Proposal 5: In order to be able to decide the design details of the 60 kHz SCS, one should also answer whether ECP scalability across different sub-carrier spacings is required.          
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Examples for FDD –URLLC with 49-ECP and LTE-ECP 
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Examples for TDD –URLLC with 49-ECP 
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