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1. Introduction
ECP had been discussed in last January RAN1 Ad-hoc meeting, while no agreement was reached. 

In order to have a clear picture on ECP design for NR WI phase, use cases with the related requirement for ECP are discussed in this document, especially considering the forward compatibility for future NR releases.
2. Discussion
2.1. Design for LTE ECP
Table 1: LTE ECP numerologies
	
	NCP
	ECP1
	ECP2

	Subcarrier spacing [kHz]
	15
	15
(mixed carrier)
	7.5
(dedicated carrier)

	Cyclic prefix [us]
	4.69

[5.21 for 1st OS]
	16.67
	33.3

	CP Overhead
	6.6%
[7.3% for 1st OS]
	20%
	20%

	Number of symbols per subframe [1ms]
	14
	12
	6

	Number of symbols per slot [0.5ms]
	7
	6
	3


Observations for LTE ECP1:

1. LTE ECP1 use cases: MBSFN transmission multiplexing with MBB (unicast); large suburban and rural cell for long delay spread channels. 
2. Method for generating ECP1: reducing the number of symbols per slot/subframe; using higher CP overhead to get longer delay spread, no pain no gain.
3. ECP1 design principles: same SCS with NCP; time alignment with NCP at slot/subframe level. 
Given the fact that LTE ECP1 design for is to align with the LTE slot boundary. 20% CP overhead may not be fully optimized in particular scenarios. Hence simply scaling of the LTE ECP1 may not result in good performance in NR since NR symbol are not required to be align with a single LTE slot boundary. 

Observation: 
4. It is worthy to consider the NR ECP design based on the requirement of use case and performance aspects,  not merely scaling LTE ECP1 (16.67us) .
2.2. Design for NR ECP

2.2.1. ECP1 for NR URLLC below 6 GHz
In order to achieve forward compatibility, NR physical layer design for URLLC was comprehensively discussed. In term of numerology design, the key challenge for URLLC is low-latency performance, which is quite different from LTE ECP scenario.  
Agreements: 

1. From TR38.802 [1]: 
“The physical layer design supports an extended CP. Extended CP will be only one in given subcarrier spacing. Extended CP is supported at least for 60 kHz subcarrier spacing. UE supporting the extended CP may depend on UE type/capability. The possible use cases for the extended CP include 

· Multiplexing of eMBB and URLLC deployed below 6 GHz 

· Subcarrier spacing for eMBB = 15(normal CP)/30/60kHz, subcarrier spacing for URLLC = 60 kHz, 
· Transmission of URLLC with 60 kHz subcarrier spacing
· High speed scenarios for 30kHz and 60kHz”
2. Also, according to previous RAN1 meeting conclusion, “mini-slot with 2 symbols is supported for URLLC”. 
From the above agreements, we notice two key scenarios for URLLC design:
· Scenario 1 (slot based): Standalone URLLC for 60 kHz SCS ECP 
· Scenario 2 (mini-slot based): Multiplexing URLLC (60 kHz ECP mini-slots, especially for 2OSs) with eMBB (15 kHz NCP slots)
Based on the discussion at the previous meetings, some promising candidates for 60 kHz ECP are listed in Table 2 for comparison. 
Table 2 Comparison of extended CP length options for 60 kHz SCS

	
	Candidates for extended CP length options

	Symbols/ms
	48
(Scaled LTE ECP)
	49
	52

	CP length(us)
	4.17
	3.74
	2.56

	CP Overhead
	20%
	18.33%
	13.33%

	Cell range deployment
	Close to 15K NCP
	Close to 15K NCP
	Close to 30K NCP

	Scenario 1
	Scalable for other numerologies 
	yes
	no
	yes

	
	Slot alignment 
	yes
	yes
	yes

	
	forward compatibility issue
	no

	Scenario 2
	Slot alignment (14OS NCP,15kHz)
	yes
	yes
	yes

	
	Slot alignment (7OS NCP,15kHz)
	yes
	no
	yes

	
	Mini-slot alignment (2OS NCP,15kHz)
	no
	yes
	no

	
	forward compatibility issue
	yes


From the above comparisons, we have the following observations and proposals: 
Observations for URLLC ECP:

1. Different scenarios lead to different optimized ECP design for 60 kHz SCS
a) 48 symbols/ms is a very competitive option for slot based URLLC design, particularly in scalability. 
b) 49 symbols/ms is a very competitive option for multiplexing with mini-slot (2OS NCP) based URLLC design.
2. From forward compatibility perspective, also considering sporadic characteristic of URLLC, multiplexing of eMBB and URLLC at mini-slot level is the most urgent scenario for URLLC ECP design.
3. Other SCS ECP scenarios than 60 kHz for URLLC are unclear; only based on 60kHz ECP to scale other SCS ECPs needs to be justified, especially in case multiplexing with eMBB scenario.
4. As different scenarios or different use cases requiring for extended CP may lead to different optimized design, it is premature to make rush decision on ECP design only based on URLLC requirement.
Proposal 1: Reconsider the conclusion of “Extended CP will be only one in given subcarrier spacing”. 
Proposal 2: ECP design should jointly consider all related factors: alignment with NR NCP at slot and mini-slot level, the length of extended CP and overhead, scalability to other numerologies if necessary, etc.
Proposal 3: Strive for unified design for NR ECP for different numerologies by considering both the URLLC case and the other use cases requiring extended CP for forward compatibility design. 
2.2.2. ECP2 for SFN transmission below 6 GHz
URLLC is a unicast service and targets for short symbol duration design to achieve low latency. Unlike URLLC, SFN transmission is a multiple point transmission scheme and long delay spread is the inherent characteristic for SFN transmission; longer CP is needed for SFN-like transmission, such as MBMS, CoMP, high speed scenarios, and large suburban and rural cell scenario, etc. Generally speaking, SFN may not be sensitive to latency, and longer symbol duration can be acceptable for SFN transmission. In addition, longer symbol duration design can achieve lower reception duty cycle, which is desirable for UE power saving, particularly for MBMS service. 

To some extent, extension of ECP for SFN transmission includes the following design principles:

· Criteria A: Sufficient CP length while keeping the overall CP overhead less than LTE ECP1/ECP2 (20%).

· Criteria B: Slot boundary alignment with the followings is preferred.

· Criteria B1: LTE subframe and/or slot bound

· Criteria B2: NR ECP1 and/or NCP slot/mini-slot boundary (for mixed carrier case)
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Figure 1. Example MBSFN mini-slot structure based on ECP2 by scaling down 15 kHz subcarrier spacing to7.5 kHz
The aforementioned principles could be satisfied by simple scaling down subcarrier spacing of 15 kHz NCP by 2n (n is a negative integer) (depicted in Figure 1). 
The criteria A/B1/B2 can be satisfied by such design as follows:

Criteria A:

· The scaled CP can provide robustness against channel delay spread. (9.38/9.9us). Note that is equivalently extended compared to LTE ECP1 (16us).

· The CP overhead keeps the same level as 15 kHz NCP (6.6%/6.9%). There is a large CP overhead reduction compared to LTE ECP1/ECP2 overhead (20%) 

Criteria B1:

· The 7.5 kHz scaling down NR ECP2 design could surely align with the LTE subframe boundary and every 2 LTE NCP OS.

Criteria B2:

· Another unexpected surprise is such design is aligned with NR eMBB mini-slot design based on NCP (15kHz), which is suitable for multiplexing eMBB and MBMS in mini-slot level.

The detailed analysis and design can be found in our previous contribution [2]. Together with the above further discussion, we notice that 7.5 kHz numerology has the following characteristics:
· Subcarrier spacing of 7.5 kHz is alignment with NR numerology family with 15 kHz * 2n
· alignment with NR NCP at slot and mini-slot level, particularly with 15kHz NCP

· 7.5 kHz numerology has CP length of 9.38/9.9us, which is the double CP length of 15kHz NCP
· 7.5 kHz CP overhead keeps the same as that of 15kHz NCP (6.6%/6.9% CP overhead)

· 7.5 kHz CP length is suitable for SFN transmission and long delay spread scenarios: such as MBMS, CoMP, high speed, and large suburban and rural cell scenarios, etc.
So, we have the following proposals for NR ECP2 design for SFN transmission:
Proposal 4: 7.5 kHz numerology design is supported for NR. 
Proposal 5: MBMS numerology design in mini-slot level multiplexing with eMBB should be introduced at the first stage for forward compatibility.
3. Conclusion

In short, observations and proposals are summarized as below:

Observations for LTE ECP:

1. LTE ECP1 use cases: MBSFN transmission multiplexing with MBB (unicast); large suburban and rural cell for long delay spread channels. 
2. Method for generating ECP1: reducing the number of symbols per slot/subframe; using higher CP overhead to get longer delay spread, no pain no gain.

3. ECP1 design principles: same SCS with NCP; time alignment with NCP at slot/subframe level. 

4. It is worthy to consider the NR ECP design based on the requirement of use case and performance aspects,  not merely scaling LTE ECP1 (16.67us) .

Observations for URLLC ECP:

1. Different scenarios lead to different optimized ECP design for 60 kHz SCS
a) 48 symbols/ms is a very competitive option for slot based URLLC design, particularly in scalability. 

b) 49 symbols/ms is a very competitive option for multiplexing with mini-slot (2OS NCP) based URLLC design.

2. From forward compatibility perspective, also considering sporadic characteristic of URLLC, multiplexing of eMBB and URLLC at mini-slot level is the most urgent scenario for URLLC ECP design.
3. Other SCS ECP scenarios than 60 kHz for URLLC are unclear; only based on 60kHz ECP to scale other SCS ECPs needs to be justified, especially in case multiplexing with eMBB scenario.

4. As different scenarios or different use cases requiring for extended CP may lead to different optimized design, it is premature to make rush decision on ECP design only based on URLLC requirement.
Proposals for NR ECP design for forward compatibility: 

Proposal 1: Reconsider the conclusion of “Extended CP will be only one in given subcarrier spacing”. 
Proposal 2: ECP design should jointly consider all related factors: alignment with NR NCP at slot and mini-slot level, the length of extended CP and overhead, scalability to other numerologies if necessary, etc.
Proposal 3: Strive for unified design for NR ECP for different numerologies by considering both the URLLC case and the other use cases requiring extended CP for forward compatibility design. 
Proposal 4: 7.5 kHz numerology design is supported for NR. 
Proposal 5: MBMS numerology design in mini-slot level multiplexing with eMBB should be introduced at the first stage for forward compatibility.
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