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1 Introduction
At the meeting RAN1 #89, the following agreements have been achieved [1]:

· 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 this paper, we mainly focus on the FFS that whether and how UE measure and report the delay spread for downlink channel, and some DMRS designs for PDSCH/PUSCH with ECP. This is a revision of R1-1715583.
2 Determine the CP type for UL and DL
For some scenarios, the channel delay spread for DL and UL is possibly different

· DL and UL in different frequency band

· DL and UL for different TRP

According to the agreements in the [1], UL and DL can be configured separately with different CP types, such that gNB configures the CP type for a UE should consider which CP type is favorable for downlink channel and which CP type is favorable for uplink channel respectively, and then signaling to the UE semi-statically, e.g. via RRC. 
When gNB determines the CP type for UL and DL, gNB should consider the channel properties, the channel properties can be measured by gNB or UE. What parameters should be taken into account and how to determine the CP type based on the parameters are need to study in-depth. 
Determine the CP type for DL

When the gNB determines the CP type for downlink channel, two options as below should be considered:

· Option 1: UE reports the desired CP type directly, if UE reports the desired CP type for downlink channel directly, gNB only need to signal the CP type in RRC signaling, UE may need to measure and determine the desired CP type itself.

· Option 2: UE reports some parameters that characterize the downlink channel properties, then gNB determines the CP type based on the reported parameters. If UE reports some parameters, the gNB may need to determine the CP type. 
For option 1, UE need to measure the channel states through downlink RS, and UE determines the CP type based on some predefined rules. For option 2, UE measure the channel states and reports them to gNB, gNB determines the downlink CP type based on some predefined rules or reported rules. Option 2 can provide more flexibility for gNB to determine the CP type for DL.
What parameters reported by UE?

When the gNB determines the CP type for downlink channel, UE should measure the channel and reports the delay spread to gNB, then gNB can determine the CP type based on the reported parameters. 
In RAN1 study [2], we can see that the need for ECP is highly SINR dependent, ECP has obvious gain only occurs over the high SINR, in the low to moderate SINR region, ECP incurs performance similar as NCP, even a little loss. Therefore, gNB in determining the CP type for downlink channel, not only need to consider the channel delay spread, but also need to consider the SINR or MCS. UE can reports the SINR or MCS to characterize the downlink channel quality based on UE capability, and CP type for DL channel can be indicated via the table which define the relationship among SINR/MCS, delay spread and CP type.

Determine the CP type for UL
When the gNB determines the CP type for uplink channel, it can completely depend on the implementation of the gNB, e.g. gNB can get the uplink channel delay spread and uplink channel quality by measuring the uplink reference signals.
Proposal 1: Delay spread related parameters and desired CP type with the associated MCS could be measured and reported by UE.
3 Two CP types multiplexing
In NR, a bandwidth part configured for UE should configure the numerology, i.e. some BWPs can be configured with NCP, and another can be configured with ECP. Form the gNB perspective, FDM of NCP slot and ECP slot could be easily implemented.

According to agreements in the [1], UL and DL can be configured separately with different CP types which will introduce some issues for the UL and DL co-existence and switching.

· Two CP types multiplex within a self-contain slot will lead to variable slot length
In a self-contain slot, uplink symbols and downlink symbols are both contained, if the UL and DL CP types are configured differently, it may introduce lots of options due to the combinations of CP type for UL/DL as below. It can be seen that considering different combinations of CP type for UL/DL, the slot length is variable which will increase the processing complexity of the UE.
· ECP DL + ECP UL
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· ECP DL + NCP UL
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· NCP DL + ECP UL
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Figure 1 Multiplexing NCP and ECP in a slot
· Two CP types multiplexing across slot within 0.5ms will lead to variable slot length
LTE scaled extended CP is supported at least for NR 60 kHz SCS in NR, the boundary alignment of NCP symbol and ECP symbol can be achieved only incur at the 0.5ms boundary as illustrated in Figure 2. 
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Figure 2 NCP and ECP boundary alignment

If UL slot and DL slot are both contained within 0.5ms and the CP type configured for UL and DL is different, it may introduce lots of options for the length of slot length as illustrated in Figure 3, NCP and ECP slot in the Figure 3 can be configured UL or DL. It can be seen that within 0.5ms, combinations of NCP slot and ECP slot will lead to the length of a slot is shorter than other ECP slots. This issue can be extended to the same transmission direction with different CP type within 0.5ms.
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Figure 3 NCP and ECP coexist within 0.5ms 
For these two cases for two CP types multiplexing, our proposal is:
Proposal 2: The UE does not expect a change of CP type for a DL and/or a UL bandwidth part within 0.5ms. 

4 DMRS for data channel
4.1 DMRS for PDSCH
It has been agreed in [3] that DMRS for CP-OFDM with ECP (at least 60 kHz SCS), configuration type 1 as in NCP is supported. One symbol front-loaded DMRS pattern is Comb 2+2 CS, up to 4 ports, two symbols front-loaded DMRS pattern is Comb 2+2 CS + TD-OCC ({1,1}) and {1 -1}, up to 8 ports.

Then the addition DMRS for 60 kHz ECP is need to be determined, the number of additional DMRS can be configured by the UE-specific higher layer signalling which is same as NCP, the number can be 1 or 2. The location of the additional DMRS can be same as the NCP, although the symbol numbers within one slot is 12. When one additional DMRS symbol is configured for 1-symbol front-load DMRS in a 12 symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be figured in the 10th, 8th.
Proposal 3: For PDSCH, when one additional DMRS symbol and 1-symbol front-load DMRS in a 12-symbol slot with front-load DMRS on 3rd or 4th symbol, the additional DMRS symbol can reuses the NCP location, e.g. 10th, 8th symbol.
4.2 DMRS for PUSCH
In the RAN1 Ad Hoc Meeting in Qingdao, it has been given that the UL DMRS patterns used in NR for both CP-OFDM and DFT-s-OFDM waveform. For CP-OFDM DMRS pattern, the front-load DMRS pattern can be configured by higher layers either form front-loaded DMRS configuration type 1 or from the front-loaded DMRS configuration type2. For DFT-s-OFDM DMRS based PUSCH patterns, DMRS are mapped to resource elements using a comb structure. 

In the RAN1#90 Meeting [3], an agreement on CP-OFDM DMRS pattern is achieved that configuration type 1 as in NCP is supported for 60 kHz ECP. This agreement can be applied both for DL/UL CP-OFDM DMRS pattern. Concerning the DFT-s-OFDM based DMRS pattern, DFT-s-OFDM is assumed as power limited and low SINR where the density of DMRS is sensitive to the performance of channel evaluation and demodulation, low density of DMRS is not suitable for UEs with UL DFT-s-OFDM. ECP is used for long delay spread channel, denser DMRS pilot REs in the frequency domain is needed. So the DFT-s-OFDM based PUSCH DMRS pattern for 60 kHz ECP can reuse the NCP pattern.

Proposal 4: CP-OFDM based PUSCH DMRS pattern and DFT-s-OFDM based PUSCH DMRS pattern can reuse the NCP DMRS pattern.
5 Conclusion
Proposal 1: Delay spread related parameters and desired CP type with the associated MCS could be measured and reported by UE.
Proposal 2: The UE does not expect a change of CP type for a DL and/or a UL bandwidth part within 0.5ms. 
Proposal 3: For PDSCH, when one additional DMRS symbol and 1-symbol front-load DMRS in a 12-symbol slot with front-load DMRS on 3rd or 4th symbol, the additional DMRS symbol can reuses the NCP location, e.g. 10th, 8th symbol.
Proposal 4: CP-OFDM based PUSCH DMRS pattern and DFT-s-OFDM based PUSCH DMRS pattern can reuse the NCP DMRS pattern.
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