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Introduction
A discussion to support multiple CP lengths was done during the RAN1#85 meeting. Several perspectives have been taken into consideration, e.g.:
1. Multiple or single CP type for certain subcarrier spacing.
2. Introducing an addition CP length by keeping the symbol duration constant, but changing the DFT size and slightly modifying the subcarrier spacing. 
3. Means to obtain multiple CP lengths.
4. CP length for different numerologies.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In this contribution, we analyze deployment requirements for flexible CP lengths. Further, we discuss how to configure separated CP lengths. As the numerology discussion is still in progress, the different CP lengths can be realized by introducing ECP in basic SCS, changing FFT size, and/or scaling the numerology. In general, only scaling the numerology can result in different CP lengths as an already agreed scheme to support the CP configuration in this contribution. The need for other schemes should be examined by the deployment scenarios for NR in the contribution.
Introduction of multi CP for different link
Several scenarios may require a more flexible CP length configuration. If considering all the NR deployment scenarios, a single CP scheme might not be good enough.
[bookmark: OLE_LINK20]Aspects of beam width


Figure 2.1 Different beam capabilities between NB and UE
[bookmark: OLE_LINK19]Beam operation is becoming a basic transmission scheme, especially at high frequency. Different beam capabilities and characteristics should be assumed as depicted in figure2.1. For example the different beam widths of the eNB and UE transmitters lead to different delay spreads at the receiver side. This is due to different number of antennas, antennas with different characteristics and different power limits are used at both ends. Reference [1] gives measurements about RMS delay spread showing that the narrower the beam the lower the delay spread. It shows the necessity to introduce different CP lengths for Up/Down link. It can optimize the spectrum efficiency, considering difference of RMS delay can be quite large. Furthermore for relay nodes, the antenna configuration would be also different which would lead to yet another different delay spread.
Considering that LTE already supports detached CP types for UL and DL, NR should also support this with even more flexibility in order to deal with the multitude of use cases that NR shall be employed for.
Observation 1: 
Different beam widths of the eNB and UE transmitters lead to different delay spreads at the receiver side.
Aspects of transmission mode
[bookmark: OLE_LINK14]In LTE CoMP was introduced to suppress interference，while CoMP enhancements was raised at  RAN #71 meeting, there are two aspects  for further enhancements [2]:
1) Increase capability by multiple points transmission in dense deployment scenarios with high probability of the line-of-sight propagation;
2) promote coverage through SFN scheme.
NR should support CoMP scheme to achieve better performance, especially in higher frequency. Also, the gain of CoMP has been verified through field experiment [3] in higher frequency beam-based operation. CoMP is expected to be introduced in NR at the beginning. Transmission schemes can be different for UL and DL ,the differences of delay spread are also variant for different link.
As shown in Figure 2.2, When DL CoMP is enabled  ,the delay spreads of UL and DL are very different. Different CP length configurations may be necessary. 



Figure 2.2 DL CoMP require different CP type from UL

Observation 2: 
Delay spreads are different if different transmission schemes  are adopted in DL and UL.
Proposal 1:
Considering delay spread differences in the various scenarios, NR should support flexible CP lengths for different links.
Means for multi CP configuration
In LTE, the CP configuration is broadcast through SIB. UEs in the same serving cell will be configured with the same CP type. When introducing different CP lengths for different type of link in NR, several aspects are needed to be considered .The multiplexing schemes of different CP lengths should be considered. It should also take into account the multiplexing in NR time interval. 
As shown in figure 2.3 below, the TD-LTE defines the special subframe as 1ms in time domain. The UL and DL CPs have to be assigned for each special subframe configuration. The definition of NR time interval may need to give some rules for accommodating different CP lengths included.



Figure 2.3 example of special subframe of TD-LTE
There are at least 2 different methods available to introduce extra CP lengths for NR:
1. This method is similar to LTE. For the basic subcarrier spacing, ECP is introduced. The introduction of the ECP changes the nr of symbols per time-interval and also the symbol boundaries between ECP and NCP are not aligned
2. The second method keeps the symbol boundary alignment between the symbols of the different numerologies and also it keeps the same number of symbols per time interval. Instead, the subcarrier spacing is slightly changed   

For the first method, if the time interval is defined as absolute time such as 1/8 ms, each time interval may include a variable number of OFDM symbols because of the different CP configuration. This results in different gap size. If the time interval is defined as the number of OFDM symbols, the duration of a time interval may be variable assuming LTE like ECP design. Also, subframe structures, if defined in nr of symbols need to be re-defined. For the NCP, the shortest subframe is 7 symbols, whereas for ECP it could be 3 symbols. 
[bookmark: OLE_LINK8]The above mentioned problems will be avoided with method 2, where the symbol duration is fixed and the FFT size is adjusted to create the new CP length. In the companion contribution [4] it is shown that the multiplexing of RBs belonging to different CP lengths can be done in the same manner, regardless if the numerologies are derived from a common basic subcarrier spacing or from different spacing (e.g. as in Alt3 and Alt4) . This is illustrated below in Figure 2.4.

Figure 2.4 – Two different concepts to add new CP length to the basic numerology
[bookmark: OLE_LINK18]Observation 3: 
If multiple CP types are supported in NR, supporting multiple CP length has to be considered in defining NR time interval.
Proposal 2:
When numerologies with different CP lengths are introduced in one time interval, then their symbol durations should be the same or an integer-multiple of each other.
When adopting the approach from proposal 2, the number of symbols during a time-period is not changed for the same sub-carrier spacing scaling. This means that sub-frame structures, when defined in number of symbols, do not need to be re-defined, which minimizes the standardization efforts. Also, regardless of the chosen numerology, symbol boundaries will be aligned. This makes it easier e.g. to align gap periods and UL/DL transmissions in TDD. Thus, multiplexing of different numerologies is easier to realize. It also helps to form a constant time structure of frame structure and to simplify the processing.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Conclusions
From the discussions in above, we have the following observations and proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: 
Different beam widths of the eNB and UE transmitters lead to different delay spreads at the receiver side.
Observation 2: 
Delay spread in CoMP mode will be higher than single point transmission mode for the same link.
Proposal 1:
Considering delay spread differences in the various scenarios, NR should support flexible CP lengths for different links.
Observation 3: 
If multiple CP types are supported in NR, supporting multiple CP length has to be considered in defining NR time interval.
Proposal 2:
When numerologies with different CP lengths are introduced in one time interval, then their symbol durations should be the same or an integer-multiple of each other.
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