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1. Introduction
ECP had been discussed in RAN1#88 and RAN1#88bis meeting, and the following agreement was reached [1] [8].
Agreements:
· Working assumption: LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· Revisit and design CP choice from 48, 52, or 49 OFDM symbols in 1 msec if other extended CP(s) have benefits for identified use cases
· The CP type can be semi-static configured with UE-specific signalling
· FFS extended  CP for other numerologies including forward compatible aspects
Agreements:
· For 60kHz ECP in the case with WA will be confirmed

Agreements:
· Confirm work assumption : LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· UL and DL can be configured separately with different CP types
· When a UE is configured with 60kHz ECP for a downlink bandwidth part
· The UE monitors UE-specific PDCCH with ECP
· The UE assumes ECP is used for PDSCH and associated DMRS scheduled by UE-specific PDCCH DCI with ECP
· When a UE is configured with 60kHz ECP for a uplink bandwidth part
· The UE assumes  ECP is used for PUSCH and associated DMRS scheduled by UE-specific PDCCH DCI 
· The UE transmits PUCCH with ECP 
· FFS whether and how UE measure and report the delay spread for downlink channel
In addition, at last RAN#75 plenary meeting, a WF [2] proposed to add 1 objective to NR WI: "Specify features to ensure forward compatibility with multicast / broadcast services", and NR rapporteur commented [3] that this objective had already considered in NR WID [4].  
Based on our previous contributions [5] [6] [9] [10] [11], in this contribution, we discuss ECP design from introduction MBMS service perspective, especially considering the forward compatibility for future NR releases. 
2. Discussion
2.1. Design background 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. NR ECP Design for SFN transmission below 6 GHz
NR ECP1 design for URLLC multiplexing with eMBB had been comprehensively discussed in the past RAN1 meeting, and a WF was proposed at RAN1#88 meeting [7]. 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 (2 MBMS symbols) 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 1: 7.5 kHz numerology is supported for NR. 
Proposal 2: NR MBMS numerology design in mini-slot level multiplexing with eMBB should be introduced at NR phase 1 stage for forward compatibility.
From LTE experience, to guarantee smooth introduction of future services and features, MBMS with mini-slot design multiplexing with eMBB is one of promising tools, as it can be easily implemented from LTE MBSFN experience. LTE introduced MBSFN concept from early release, and at later releases, LTE adopted mixed MBMS concept and resources for other features or functions usages, such as eICIC, Relay, Positioning, Group communication, LAA, MTC, NB-IoT,  V2X, etc.
Proposal 3: Based on LTE experience, whether to introduce some aspects related to mixed NR-MBMS design (MBMS multiplexing with eMBB), such as demodulation RS for MBSFN, notification techniques for MBSFN, etc at NR phase 1 stage should be investigated to ensure better 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) .

Proposal 1: 7.5 kHz numerology is supported for NR. 
Proposal 2: NR MBMS numerology design in mini-slot level multiplexing with eMBB should be introduced at NR phase 1 stage for forward compatibility.
Proposal 3: Based on LTE experience, whether to introduce some aspects related to mixed NR-MBMS design (MBMS multiplexing with eMBB), such as demodulation RS for MBSFN, notification techniques for MBSFN, etc at NR phase 1 stage should be investigated to ensure better forward compatibility.
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