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1 Introduction
In RAN1#87, the following agreements on extended CP have been achieved [1]:

· 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
In RAN1#88, the following working assumption on extended CP length has been achieved [2]:
· 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 signaling
· FFS extended  CP for other numerologies including forward compatible aspects
This contribution mainly focus on the discussion on NR general design principles for ECP, including the number of symbols per slot for ECP, DMRS design of ECP for 60 kHz subcarrier spacing and the multiplexing of NCP and ECP.
2 Discussion
2.1 Number of symbols per slot for ECP
LTE scaled extended CP is supported as the working assumption in the last meeting [2], i.e. 48 symbols per 1ms. The number of symbols within 1ms is fixed, the number of slots and the number of symbols per slot are still need to be studied. 
Option 1: One subframe (1ms) consists of 8 slots and one slot consists of 6 symbols as illustrated in Figure 1, 6 symbols within one slot same as the LTE extended CP, thus better forward compatibility is guaranteed. Then, the duration of one slot is just 0.125ms which can reduces the latency of one transmission, especially for some low latency service, e.g. URLLC. On the basis of latency requirement, more transmission opportunities can be achieved, such that better reliability can be achieved.
Option 2: One subframe (1ms) consists of 4 slots and one slot consists of 12 symbols as illustrated in Figure 1. ECP has longer CP length than normal CP at the expense of higher CP overhead, thus the available resource elements is less. In NR, the basic scheduling unit may be a slot which contains the control channel and data channel, even GAP. To reduce the control overhead in an ECP slot, one slot is prefer to contain more symbols, e.g. 12.
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Figure 1 structure design for NR 60 kHz ECP

Proposal 1: ECP for NR 60 kHz with 48 symbols per 1ms consists of 4 slots or 8 slots, i.e. one slot consists of 12 or 6 symbols.
2.2 DMRS design for ECP
As agreed in the RAN1#87, possible use cases for 60 kHz ECP include URLLC and High speed scenarios. The other scenarios, e.g. multipoint transmission and UL TA-free transmission, should be also considered. The use of extended CP is expected for channels with long delay spread, or equivalently for channels experiencing much more frequency selectivity as compared to channels where normal CP is used.  Consequently, the pilot REs of extended CP in frequency-domain shall be denser than that of normal CP and the channel characteristic should be considered in the DMRS pattern design for extended CP accordingly. In addition, since CDM is sensitive to the direction where it spans, it is natural to avoid running the code in frequency in the design of DMRS for extended CP.
The patterns considered for extended CP are depicted in Figure 2-4, which are used for supporting 2 ports. There are total 3 pattern groups and 2 patterns in each group. For different figures, the design of DMRS patterns within a slot are based on different multiplexing structure such as FDM and TDM to maintain the orthogonality of DMRS across different layers. The difference between patterns in one pattern group lies in the density of the time domain. In each DMRS pattern group, different patterns could be used in different scenarios, e.g. 3 symbols in the time domain per port may be needed in high speed train scenario as illustrated in (a), 2 symbols in the time domain per port may be needed in the URLLC scenario as illustrated in (b). Some numerical results for high speed can be found in [3]. 
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Figure 2 DMRS pattern - TDM Port0 and Port1
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Figure 3 DMRS pattern - Non-staggered FDM Port0 and Port1
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Figure 4 DMRS pattern - Staggered FDM Port0 and Port1
Proposal 2: A basic DMRS pattern for ECP which occupies 6 subcarriers in frequency domain and two OFDM symbols in time domain should be defined, an extended DMRS pattern based on basic DMRS pattern in time domain for high speed could be supported.
2.3 ECP and NCP multiplexing

Multiplexing SS NCP with data ECP
In NR, a predefined CP type can be used for SS, PBCH and SIB, e.g. NCP. FDM of different CP types could be easily implemented, one example is given in Figure 5.
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Figure 5 FDM of SS NCP and data ECP

If TDM of NCP SS and ECP data is supported within a slot, there will be problem of resource wastage. As illustrated in Figure 6, if one SS NCP symbol is inserted into a slot, two ECP symbols are punctured, which is highly inefficient. To solve this problem, TDM of NCP and ECP can be supported at 0.5ms boundary, boundary alignment is achieved for ECP and NCP.
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Figure 6 TDM of SS NCP and data ECP
Multiplexing control with data with the same and different CP types
It has been agreed that CP type can be semi-static configured with UE-specific signalling. It should be observed that with the assumption that the same CP type is used for UE-specific control and data, FDM of different UEs with different CP types can be supported without much standard impact.

When CP type of the control is NCP and the data channel is ECP, multiplexing the NCP control resource will introduce an issue that a UE may receive two CP types simultaneously, which will increase the processing complexity of the UE. In addition, there will introduce lots of options due to the location of NCP control
· DL control in the slot/mini-slot: DL control in the slot will introduce some blank time duration between NCP control and ECP data as illustrated in Figure 7, and the duration of blank resources is different in different slots, resulting in increased processing complexity of the UE. As shown in Figure 8 , DL control in the mini-slot will introduce un-necessary blank time duration in different symbol locations. The control and data should have the same CP type for mini-slot.
· Short format of PUCCH and long format PUCCH: As illustrated in the Figure 9 and Figure 10, un-necessary blank time duration will also exist, which depend on the PUCCH location in one slot. 
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Figure 7 Multiplexing control and data with same/different CP types (slot control) 
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Figure 8 Multiplexing control and data with same/different CP types (mini-slot control)
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Figure 9 Multiplexing control and data with same/different CP types (short PUCCH)
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Figure 10 Multiplexing control and data with same/different CP types (long PUCCH)
Proposal 3: At least FDM of NCP and ECP should be supported. 
Proposal 4: UE-specific semi-static configuration of CP type should apply to both control and data channel.
3 Conclusions
Proposal 1: ECP for NR 60 kHz with 48 symbols per 1ms consists of 4 slots or 8 slots, i.e. one slot consists of 12 or 6 symbols.
Proposal 2: A basic DMRS pattern for ECP which occupies 6 subcarriers in frequency domain and two OFDM symbols in time domain should be defined, an extended DMRS pattern based on basic DMRS pattern in time domain for high speed could be supported.
Proposal 3: At least FDM of NCP and ECP should be supported. 

Proposal 4: UE-specific semi-static configuration of CP type should apply to both control and data channel.
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