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1 Introduction

In RAN1#86bis, the following were agreed for multiplexing eMBB and URLLC in DL [1]:

Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 
Additionally, in RAN1#87, the following were agreed [2]:
Agreements:
· Possible use cases for the extended CP include
· Multiplexing of eMBB and URLLC deployed below 6 GHz
· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz
· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz
· Support extended CP at least for 60 kHz SCS
· UE support for ECP may depend on UE type/capability
· FFS how to configure UE using different CP overhead
· FFS the length of ECP
· FFS extended CP for other scenarios/numerologies
This document will list up possible candidates for ECP length proposed by companies and among the candidates, which ECP length should be supported for each SCS will be discussed.
2 Possible Candidates for ECP Length
For 15 kHz SCS
LTE ECP has never been deployed in practical system even if LTE specified ECP. So, for 15 kHz subcarrier spacing (SCS), ECP is not necessary.

Proposal 1: For 15 kHz subcarrier spacing, ECP is not necessary. 

For 30 kHz and 60 kHz SCSs, there could be several alternatives for ECP length as follows:

For 30 kHz SCS
ECP for 30 kHz SCS can be directly scaled down from LTE ECP. Taking into account LTE ECP length (16.67μs), NR ECP length is 8.34μs. This design is simplest because 12 symbols within 0.5ms have the same CP duration. 
As another alternative, it would be possible to decrease CP overhead ratio which results in increasing the number of symbols within 0.5ms. This design has 13 symbols within 0.5ms and depending on CP patterns, there could be different design options. For example, it was proposed in [3] that CP length for 11 symbols is 5.2μs and CP length for remaining 2 symbols is 4.7μs. On the other hand, another pattern was proposed in [4] and [5] such as CP length for 7 symbols is 5.14μs and CP length for remaining 6 symbols is 5.11us within 0.5ms.
Observation 1: There are several alternatives of ECP length for 30 kHz subcarrier spacing

· Option 1) Scaling down LTE ECP length: 24 symbols per 1ms
· Option 2) Having more symbols: 26 symbols per 1ms [3], [4], [5]
For 60 kHz SCS
ECP for 60 kHz SCS can also be obtained from directly scaling down of LTE ECP. Taking into account LTE ECP length (16.67μs), NR ECP length is 4.17μs. This design is simplest because 24 symbols within 0.5ms have the same CP duration. 
Similarly to the case of 30 kHz SCS, it is possible to decrease CP overhead ratio and to have more symbols for 60 kHz SCS as proposed [6]. On the other hand, there is another option of ECP length for 60 kHz SCS if symbol boundary alignment for different CP overhead should be supported in NR. In addition, there are different design options depending on how to achieve symbol level alignment. For example, a CP pattern was proposed in [7] and this pattern allows that 1 symbol with 15 kHz SCS is aligned with 3 symbols with 60 kHz SCS. Another CP pattern was proposed in [8] and with this pattern, two symbols with 15 kHz SCS is aligned with 7 symbols with 60 kHz SCS.
Observation 2: There are several alternatives of ECP length for 60 kHz subcarrier spacing

· Option 1) Scaling down LTE ECP length: 48 symbols per 1ms
· Option 2) Having more symbols: 52 symbols per 1ms [6]

· Option 3) Alignment between symbols with 15kHz and 60kHz SCSs
· Alt.1: Alignment between 1 symbol with 15 kHz SCS and 3 symbols with 60 kHz SCS

· 42 symbols per 1ms [7]
· Alt.2: Alignment between 2 symbols with 15 kHz SCS and 7 symbols with 60 kHz SCS

· 49 symbols per 1ms [8]
3 Multiplexing of eMBB and URLLC
Possible scenarios for multiplexing of eMBB and URLLC are the following:

· Scenario 1: NCP for eMBB with 15 kHz and ECP for URLLC with 60 kHz SCS

· Scenario 2: ECP for eMBB with 30 kHz and ECP for URLLC with 60 kHz SCS

· Scenario 3: ECP for eMBB with 60 kHz and ECP for URLLC with 60 kHz SCS

Among the above scenarios, Scenario 3 is precluded for multiplexing of eMBB and URLLC with different CP overhead because it was already agreed to support only one ECP length in a given subcarrier spacing [1]. So, this section focuses on Scenario 1 and Scenario 2.
There would be a potential benefit of symbol alignment for different CP overhead, while providing similar coverage to LTE NCP. Similar to same CP overhead case, such benefit could be efficient resource utilization and shorter latency in some particular scenarios. For example, URLLC control/data with 30 kHz or 60 kHz SCS could be transmitted within an eMBB’s scheduling unit with 15 kHz SCS. In this case, if symbol alignment is supported, then scheduling delay which is a waiting time before the actual transmission could be minimized and this will allow that less eMBB symbols are punctured as compared to non-symbol-level alignment case. However, assuming that URLLC traffic is very sparse, then the actual benefit may not be significant.
In addition, Option 3 in Observation 2 has some disadvantages. For Alt.1 in Option 3, e.g., symbol alignment between 1 symbol with 15 kHz SCS and 3 symbols with 60 kHz SCS (42 symbols per 1ms [7]), a potential gain from efficient resource utilization will disappear due to too much CP overhead (more than 40%). On the other hand, for Alt.2 in Option 3, e.g., symbol alignment between 2 symbols with 15 kHz SCS and 7 symbols with 60 kHz SCS (49 symbols per 1ms [8]), less flexibility is expected. For example, taking into account that mini-slot length can be 1 symbol to slot length – 1 symbols, Alt.2 can be applied to only the case that a mini-slot consists of even number of symbols. Moreover, if the slot of 15 kHz SCS has 7 symbols, then slot boundary of 15 kHz SCS is not aligned with 60 kHz SCS. Finally, these two alternatives are focused on Scenario 1 only and they cannot be applied to Scenario 2.
On the other hand, Option 2 (having more symbols) for both 30 kHz SCS and 60 kHz SCS would be more beneficial than Option 1 in terms of spectral efficiency. However, from scalability and forward compatibility perspectives, we prefer to take Option 1 (scaling down LTE ECP) because this can be applied to not only Scenario 1 but also Scenario 2 irrespective of slot-length (7 or 14 symbols) and mini-slot length (even number of symbols or odd number of symbols).

Proposal 2: For both 30 kHz and 60 kHz SCSs, take Option 1 (scaling down LTE ECP) as ECP length.
4 Conclusion

This contribution have discussed ECP length for 15 kHz, 30 kHz and 60 kHz SCSs. Our observations are proposals are the following:

Observation 1: There are several alternatives of ECP length for 30 kHz subcarrier spacing

· Option 1) Scaling down LTE ECP length: 24 symbols per 1ms

· Option 2) Having more symbols: 26 symbols per 1ms [3], [4], [5]

Observation 2: There are several alternatives of ECP length for 60 kHz subcarrier spacing

· Option 1) Scaling down LTE ECP length: 48 symbols per 1ms

· Option 2) Having more symbols: 52 symbols per 1ms [6]

· Option 3) Alignment between symbols with 15kHz and 60kHz SCSs

· Alt.1: Alignment between 1 symbol with 15 kHz SCS and 3 symbols with 60 kHz SCS

· 42 symbols per 1ms [7]

· Alt.2: Alignment between 2 symbols with 15 kHz SCS and 7 symbols with 60 kHz SCS

· 49 symbols per 1ms [8]
Proposal 1: For 15 kHz subcarrier spacing, ECP is not necessary.

Proposal 2: For both 30 kHz and 60 kHz SCSs, take Option 1 (scaling down LTE ECP) as ECP length. 
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