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1. Introduction
In RAN1#86, the following agreements have been achieved on TDD based NR frame structure:
	· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}
· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit


Based on the above agreements, it is worth noting that the slot may contain the guard period (GP) for DL/UL switching. Thus, the guard period could impact the efficiency, especially when the slot is set to a small values. In this contribution, we will discuss the GP setting in NR. 
2. Guard period in LTE/LTE-A
In LTE/LTE-A, the special sub-frame is defined to allow the switch from DL to UL, which consists of DwPTS (DL part), GP and UpPTS (UL part). To address different cell coverages, 10 special sub-frame configurations are given in [1]. In OFDM system, the minimum time-domain resource granularity is an OFDM symbol. Thus, for each special sub-frame configuration, DwPTS and UpPTS always contain the integer number of OFDM symbols with either normal or extended CP length. Then, the remaining part in the special sub-frame is left to the GP. Considering the aim of supporting flexible future-proof configuration of NR, perhaps, it does not make sense to assume directly adopting the guard period configuration method in LTE into NR. Therefore, studying the guard period configuration for NR becomes necessary.
3. Guard period setting in NR
In this section, the factors of determining the NR guard period are defined. In order to intuitively understand how the factors related to the guard period setting, in addition, a typical example in NR is illustrated. 
3.1  Factors of determining the guard period setting
There are two factors related to the guard period setting:
· Factor 1: Cell size and hardware-capability
In general, as shown in Fig. 1, the simplest GP configuration considers one period of switching from DL to UL, , and one period of switching from UL to DL,  [2], i.e., , where , and . Here,  is the maximum round trip time (RTT) determined by the cell size. ,and  are parameters related to the hardware capability at both eNB and UE sides, with the reference values as listed in Table 1. In other words, once the cell size and the hardware of eNB and UE have been determined, the minimum GP length, i.e., , is determined. 


Fig. 1 Component of 
Table 1 Reference values for hardware-related parameters [3]
	TeNB,Tx-Rx [sec]
	TUE,Rx-Tx [sec]
	TUE,Tx-Rx [sec]
	TeNB,Rx-Tx [sec]

	10-15
	10-40
	10-20
	10-20


· Factor 2: Length of DL/UL transmission 
As agreed in RAN1#86, a slot with DL transmission, GP and UL transmission may be supported. Thus, the GP length is denoted as , where , , and  are the lengths of the slot, DL and UL transmissions, respectively. Similarly, in NR, the minimum time-domain resource granularity is an OFDM symbol. Thus, the slot should contain an integer number of OFDM symbols in both DL and UL transmission parts.
Combining the above two factors, we can propose the following working assumption when setting GP in NR:
Possible working assumption: the guard period in a slot should be larger than or equal to the minimum guard period value, i.e., , under the constraint that the DL/UL transmission contains an integer number of OFDM symbols. 
3.2  Example of guard period setting in NR
In RAN1#85 meeting, the working assumptions associated with the numerology are:
	· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology


Then, the possible lengths of an OFDM symbol are given in Table 2. 
Table 2 Symbol length with normal CP for different numerologies
	Subcarrier spacing
	15KHz
	30KHz
	60KHz

	OFDM symbol length (us)
	71.88/71.35
	35.94/35.68
	17.97/17.84

	Note: the 1st and 2nd values are the lengths of OFDM symbols with the CP lengths of 5.21us and 4.69us, respectively. 


Considering the slot of 7 symbols as the example, for subcarrier spacing of 15/30/60KHz, the length of a slot may be set to 0.5/0.25/0.125ms, respectively. Here, all symbols in the slot have the same numerology. Then, we can calculate the GP length and the resultant overhead for different scenarios and different lengths of slot, as listed in Table 3. 
Table 3 GP duration and overhead in NR for different lengths of a slot
	Scenario 
	Indoor hotspot
	Dense urban  
	Rural
	Urban macro

	ISD(m)
	20
	200
	1732
	5000
	500

	Radius(m)
	10
	133.3
	1154.7
	3333.3
	333.3

	RTT value (us)
	0.0667
	0.889
	7.7
	22.23
	2.22

	 (us) (Note1)
	20.0667
	20.889
	27.7
	42.23
	22.22

	Length of the configured GP, i.e., ,  (us) (Note2)

	Slot(0.5ms)
	71.35(14.27%)
4.01%
	71.35(14.27%)
4.18%
	71.35(14.27%)
5.54%
	71.35(14.27%)
8.45%
	71.35(14.27%)
4.44%

	
	Slot(0.25ms)
	35.68(14.27%)
8.03%
	35.68(14.27%)
8.35%
	35.68(14.27%)
11.1%
	71.36(28.54%)
16.9%
	35.68(14.27%)
8.89%

	
	Slot(0.125ms)
	35.68(28.54%)
16.1%
	35.68(28.54%)
16.7%
	35.68(28.54%)
22.16%
	53.53(42.82%)
33.8%
	35.68(28.54%)
17.8%

	Note 1:  is calculated by setting ,and  to be the minimum values in Table 1.
Note 2: the blue value denotes the GP overhead for the configured GP length, i.e., /, and the red value denotes the target GP overhead, i.e., /.


From Table 3, it can be observed that the configured GP length () is much larger than the minimum GP length (). 
Observation 1: By keeping the symbols in the DL/UL transmission part being the same numerology, the configured GP results in much larger overhead than the minimum GP length.  
4 Methods of reducing guard period in NR 
In this section, two proposed methods are introduced, which are capable of reducing the guard period in NR, with the proven evaluation results. 
According to the above Possible working assumption, the configured GP in the slot can be denoted as, 

where  is the extra part with the value of  illustrated in Fig.2, which is unuseable for any purpose due to the requirement of the integer number of OFDM symbols in both DL and UL transmission parts. Among the components in the configured GP, the hardware-related parameters, i.e. ,and , cannot be changed further once the hardware is determined. In such a circumstance, thus, we propose two methods, aiming at reducing the GP length by means of reducing  and , in the following sections.


Fig. 2 Components of guard period in a slot
4.1 Method 1: Multiplexing OFDM symbols with different numerologies using TDM 
This method focuses on reducing the length of . As an example in Table 3, in indoor hotspot scenario,  in the configured GP for =0.5ms is equal to 51.2833us. Although this length cannot accommodate an OFDM symbol with subcarrier spacing of 15KHz, it is sufficient to contain either an OFDM symbol with subcarrier spacing of 30KHz or two OFDM symbols with subcarrier spacing of 60KHz. In other words, the configured GP can be reduced by means of including single or multiple short OFDM symbols in DL/UL transmission part, as shown in Fig. 3. 


Fig. 3 GP length reduction via adding one short OFDM symbol
4.2 Method 2: UE-specific GP configuration 
In this method, we give two options in consideration of the GP length reduction through reducing .  
In configured GP (), the parameter  is used to determine .  should be calculated  according to the cell radius in order to guarantee that the GP in a slot can be applied to all UEs served by an eNB. In other words,  is associated with the RTT value of the farthest UE in the cell. In this sense, each UE in the cell can guarantee that its UL transmission reaches the eNB at the same time after finishing the DL reception. Fig. 4 (a) illustrates that the UL transmissions of both near UE and the farthest UE can reach the eNB at . This results in, however, that the near UE has a much larger unused part than the farthest UE (i.e., ) does. Thus, to reduce the unused part, we can consider some options for UE-specific GP, i.e.,    
· Option 1 (UE-specific GP based on distance between UE and eNB): The GP setting depends on the distance between UE and eNB. Specifically, different UEs served by the same cell may have different , i.e., 
 Near UE: 
Far UE: 
where . Thus, the configured GPs for near UE and far UE (e.g., and ) can be different as long as  and . In this sense,  could be smaller than . For example, as shown in Fig. 4 (b), the configured GP for the near UE is smaller than that for the farthest UE.  


Fig. 4 GP setting without/with Method 2 (Option 1)
In Option1, we assume that the UE has both DL and UL transmissions in the same slot. Thus, the consideration of RTT in  can guarantee that: 1) the UE has enough time to finish DL reception and 2) the UE can start UL transmission earlier than the beginning of UL reception at eNB side. However, in practice, the UE may have either only DL or only UL transmission in a slot. For example, as shown in Fig. 5 (a), UE1 and UE2 have DL transmission and UL transmission, respectively, in a slot. If the eNB performs the TX-to-RX switching at the illustrated timing, the eNB may have some unused part before switching from DL to UL. Thus, another option for UE-specific GP becomes necessary in order to reduce the unused part, i.e.,
· Option2 (UE-specific GP based on DL/UL transmission allocation of the UE): the GP setting depends on whether there are DL and UL transmissions for the same UE in the same slot. Specifically, if the UEs in DL part of a slot are totally different from those in UL part, the eNB can set  without consideration of RTT, i.e., 

In this sense, the configured GP satisfying  may be smaller than that with consideration of RTT in . As shown in Fig. 5(b), the UE1 can have more time duration for DL reception. In this case, UE2 can start it early to guarantee that the UL transmission of UE2 reaches at the eNB from the beginning of UL part. However, this method may introduce inter-UE interference (e.g., UE2 may cause interference to UE1, as shown in Fig.5(b)). It can be mitigated via the scheduling, e.g., the UE1 and UE2 are selected to have a large distance between them. 


Fig. 5 GP setting without/with Method 2 (Option 2)
Therefore, with the abovementioned two options, the GP length can be reduced by multiplexing OFDM symbols with different numerologies so that  does not necessarily accommodate a full OFDM symbol.  
4.3 Evaluation 
We evaluate the two proposed methods. For method 2, the option 1 aims at reducing RTT value in  for different UEs while the option 2 targets at ignoring RTT in . Thus, method 2 is evaluated based on option 2. Table 4 gives the evaluation results for various specified values of the slot, e.g., =0.5, 0.25, 0.125ms, where 
· S1/ S2/ S3: the OFDM symbol length with short CP for sub-carrier spacing of 15/30/60KHz, i.e., 71.35/35.68/17.84us. 
· : the configured GP length without enhancement, i.e.,  and both DL and UL parts in the slot contain an integer number of OFDM symbols with the same numerology
· : the configured GP length with method 1, i.e., , and the DL/UL parts in the slot may contain an integer number of OFDM symbols with different numerologies. For example, in indoor hotspot scenario, when =0.5ms, is set to 1*S1-1*S2 or 1*S1-2*S3. Compared to , method 1 reduces GP length by one S2 or two S3.
· : the configured GP length with method 2 (option 2), i.e.,  is reduced to , and  with an integer number of OFDM symbols with different numerologies in DL/UL part. For example, in rural scenario (ISD=5000m), when =0.5ms,  is reduced to 20us,  is set to 1*S1-1*S2 or 1*S1-2*S3. Compared to , method 2 further reduces GP length by one S3.
Table 4 Evaluation results of reduced GP
	Scenario
	Indoor hotspot
	Dense urban
	Rural
	Urban macro 

	ISD(m)
	20
	200
	1732
	5000
	500

	 (us) 
	20.0667
	20.889
	27.7
	42.23
	22.22

	=0.5ms
	
	1*S1(14.27%)
	1*S1(14.27%)
	1*S1(14.27%)
	1*S1(14.27%)
	1*S1(14.27%)

	
	 (method 1)
	1*S1-1*S2
or 1*S1-2*S3 
(7.13%)
	1*S1-1*S2
or 1*S1-2*S3 
(7.13%)
	1*S1-1*S2
or 1*S1-2*S3 
(7.13%)
	1*S1-1*S3
 (10.7%)

	1*S1-1*S2
or 1*S1-2*S3 
(7.13%)

	
	 (method 2)
	--
	--
	--
	1*S1-1*S2
1*S1-2*S3
 (7.13%)
	--

	
	
	4.01%
	4.18%
	5.54%
	8.45%
	4.44%

	=0.25ms
	
	1*S2 (14.27%)
	1*S2(14.27%)
	1*S2(14.27%)
	2*S2 (28.54%)
	1*S2(14.27%)

	
	 (method 1)
	--
	--
	--
	2*S2-1*S3 
(21.4%)
	--

	
	 (method 2)
	--
	--
	--
	1*S2 (14.27%)
	--

	
	
	8.03%
	8.35%
	11.1%
	16.9%
	8.89%

	[bookmark: _GoBack]=0.125ms
	
	2*S3(28.54%)
	2*S3(28.54%)
	2*S3(28.54%)
	3*S3 (42.82%)
	2*S3(28.54%)

	
	 (method 2)
	--
	--
	--
	2*S3 (28.54%)
	--

	
	
	16.1%
	16.7%
	22.16%
	33.8%
	17.8%



Based on the results listed in Table 4, we have the observation as follows:
Observation 2: The GP length can be reduced by multiplexing OFDM symbols with different numerologies in the time-domain and supporting UE-specific GP setting.
Thus, we propose 
Proposal: The GP length in a slot can be reduced by considering the following two methods:
· Multiplexing OFDM symbols with different numerologies in a TDM manner
· UE-specific GP configuration 
5. Conclusions
In this contribution, we analyse the GP setting in NR, and derive the possible working assumption for GP configuration as 
Possible working assumption: the guard period in a slot should be larger than or equal to the minimum guard period value, i.e., , under the constraint that the DL/UL transmission contains an integer number of OFDM symbols.
As demonstrated by the evaluation results of the two proposed methods, the GP length can be further reduced. Thus, we propose:
Proposal: The GP length in a slot can be reduced by considering the following two methods:
· Multiplexing OFDM symbols with different numerologies in a TDM manner
· UE-specific GP configuration
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