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Introduction
For UL data transmission without grant, RAN1 NR Ad-Hoc#2 agreed on the following [1]. 
Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
· WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· NR supports more than 1 HARQ process for UL transmission without grant

Agreements:
· The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to UL transmission with and without UL grant
· For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· A UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without UL grant.

Agreements:
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 

In this contribution, we will discuss how many Reference Signals (RSs) can be accommodated in a symbol for UL data transmission without grant. We evaluate accuracy of Channel Impulse Response (CIR) on the basis of error vector magnitude (EVM) after zero-forcing (ZF)-based frequency domain equalization (FDE) when changing the number of RSs superimposed in a symbol.
Slot structure
When the time and frequency resources configured for a UE collide with those for another UE, gNB needs to identify the UEs and estimate CIR by separating RS transmitted by each UE for UL data transmission without grant. Figures 1(a) and 1(b) show possible slot structures consisting of 7 symbols and 2symbols, respectively. For both cases, symbol and the CP have the same length as the case of 15 kHz subcarrier spacing in LTE. In addition, in order to support long delay multipath fading environments, extended CP and its slot structure should be considered as shown in Fig.2.  In Figs.1 and 2, R and D indicate RS and a data signal that conveys payload, respectively. 
[image: ]
[bookmark: _Hlk487634741]Figure 1 Possible slot structure; (a) 7 symbol-slot structure, (b) mini slot structure
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Figure 2 Possible slot structure for long delay multipath fading environments; 
(a) 6 symbol-slot structure, (b) mini slot structure

[bookmark: _Hlk487635549][bookmark: _Hlk487794034]Proposal 1: Slot for UL data transmission without grant has the same structure as LTE.  
Proposal 2: For ultra-low latency communications(URLLC), mini-slot structure for UL data transmission without grant should be defined. 
[bookmark: _Hlk489953832]Proposal 3: For long path multipath fading environments, extended CP and its slot structure should be considered
Number of UEs per symbol
[bookmark: _Hlk487641337]To distinguish each UE and then estimate its CIR, RS composed of ZC sequence with different cyclic shifts is one of the candidates to accommodate multiple RSs in one OFDM symbol. By changing amount of the cyclic shift, the CIR of each UE appears in time domain without overlapping.  However, it has not been clear yet that how many CIR can be accommodated in one OFDM symbol. We therefore simulate deterioration of CIR accuracy by changing the number of accommodated CIRs. Figure 3 shows an example of accommodated CIRs. 


[bookmark: _Hlk487633931]
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Figure 3 An example of five CIRs (or UEs) accommodated per symbol

The number of CIRs that can be accommodated on one OFDM symbol depends on duration of one OFDM symbol and maximum delay time of multipath. In our simulation, the effective OFDM symbol duration is fixed on 66.67 μs shown in Fig. 1 and 2.  In terms of the maximum delay time, we utilize TDL-C model (Urban Macro-cell(UMa)). Figure 4 shows an example of a series of CIRs in TDL-C model (UMa, normal-delay profile) when five CIRs are accommodated on one symbol. Figure 5 shows one CIR extracted by the rectangle window function. The channel frequency response (CFR) that the CIR in Fig.5 is converted into by DFT is shown in Fig. 7. From Fig. 6 and 7, we do not observe significant deterioration. 
 [image: ]
Figure 5 five CIRs accommodated on one OFDM symbol  
[image: ]
Figure 6 one CIR extracted by rectangle window
 [image: ]
Figure 7 Channel frequency response that the CIR of Fig.6 are converted into by DFT

To evaluate accuracy of the extracted CIR, we measured the EVM of received QPSK symbols that are compensated by the ZF-FDE whose weights are calculated from the extracted CIR. To avoid noise enhancement, we set noise power as zero in the simulation.  The EVM is calculated as follows:


[bookmark: _Hlk487792131][bookmark: _Hlk489953379]where Iideal and Qideal  are in-phase and quadrature-phase of ideal QPSK symbol points, respectively, Ifde and Qfde are in-phase and quadrature-phase of received QPSK symbol points that are compensated by the FDE using the extracted CIRs, respectively, N and A indicate number of the symbols and magnitude of the ideal symbol, respectively. In the simulation, we set N=10,000 and A = 1. We utilize the TDL-C as fading model [2]. The scaling factors of the TDL- C are UMa short-delay profile, normal-delay profile and long-delay profile. Figures 8,9 and 10 show the simulation results of EVM. The axis of abscissa indicates the number of UEs accommodated in one OFDM symbol. SIR shows power difference of the extracted CIR against sum of the other CIRs, or interference CIRs. The interference CIRs have the same power. We confirmed that EVM deteriorates when number of UEs becomes more than 9.

Figure 8  EVM of QPSK symbols compensated by the FDE when the number of UEs is changed 
(SIR = 0 dB)

Figure 9  EVM of QPSK symbols compensated by the FDE when the number of UEs is changed 
(SIR = -3 dB)

Figure 10  EVM of QPSK symbols compensated by the FDE when the number of UEs is changed 
(SIR = -6 dB)

[bookmark: _Hlk487794109]Observation 1: When more than 9 UEs are accommodated by one OFDM symbol in the case of 66.67 s OFDM symbol duration and TDL-C fading environment, EVM deteriorates.
Conclusion
In this contribution, the estimation method of CIR is considered. In addition, we evaluated how many UEs can be accommodated on one OFDM symbols. 
Proposal 1: Slot for UL data transmission without grant has the same structure as LTE.  
Proposal 2: For ultra-low latency communications(URLLC), mini-slot structure for UL data transmission without grant should be defined.
Proposal 3: For long path multipath fading environments, extended CP and its slot structure should be considered
Observation 1: When more than 9 UEs are accommodated by one OFDM symbol in the case of 66.67 s OFDM symbol duration and TDL-C fading environment, EVM deteriorates.
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Appendix
Table A: Link level simulation assumption
	[bookmark: _Ref470390876]Parameters
	Values

	Carrier Frequency
	2 GHz

	Waveform
	DFT-Spread OFDM

	Channel Model
	TDL-C (UMa)
・Short-delay profile
・Normal-delay profile
・Long-delay profile

	Allocated PRB Number
	6

	Bandwidth per Physical Resource Block
	15 kHz * 12 = 180 kHz

	Transmission Bandwidth
	180 kHz *6 = 1.08 MHz

	UE velocity
	3 km/h

	RS sequence
	Zadoff-Chu sequence





Short-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.17849999999999999	0.21540000000000001	0.1749	0.19400000000000001	0.18529999999999999	0.1774	0.19750000000000001	0.17610000000000001	0.16919999999999999	0.19800000000000001	0.22720000000000001	0.27339999999999998	Normal-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.18260000000000001	0.18360000000000001	0.17799999999999999	0.17979999999999999	0.1706	0.18579999999999999	0.182	0.21609999999999999	0.18840000000000001	0.23039999999999999	0.21099999999999999	0.23899999999999999	Long-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.19070000000000001	0.23780000000000001	0.1923	0.21029999999999999	0.2331	0.21149999999999999	0.2326	0.20130000000000001	0.22689999999999999	0.2266	0.27850000000000003	0.31850000000000001	Number of UEs


EVM




Short-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.1699	0.28110000000000002	0.22559999999999999	0.26939999999999997	0.2288	0.2419	0.22839999999999999	0.22650000000000001	0.23269999999999999	0.25459999999999999	0.28570000000000001	0.29930000000000001	Normal-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.17480000000000001	0.26690000000000003	0.20200000000000001	0.2341	0.2321	0.21579999999999999	0.21929999999999999	0.2261	0.24929999999999999	0.24929999999999999	0.26840000000000003	0.3281	Long-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.18440000000000001	0.29289999999999999	0.25480000000000003	0.26910000000000001	0.26910000000000001	0.25519999999999998	0.24440000000000001	0.27079999999999999	0.25940000000000002	0.31469999999999998	0.3397	0.38300000000000001	Number of UEs


EVM




Short-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.17380000000000001	0.33310000000000001	0.33500000000000002	0.3241	0.28710000000000002	0.27129999999999999	0.27060000000000001	0.29320000000000002	0.30480000000000002	0.29099999999999998	0.35260000000000002	0.44319999999999998	Normal-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.1661	0.33700000000000002	0.2979	0.26250000000000001	0.28970000000000001	0.2893	0.27389999999999998	0.31630000000000003	0.33360000000000001	0.3175	0.34160000000000001	0.41039999999999999	Long-delay	1	2	3	4	5	6	7	8	9	10	11	12	0.191	0.30990000000000001	0.3453	0.31430000000000002	0.32690000000000002	0.3226	0.35399999999999998	0.3246	0.35859999999999997	0.34189999999999998	0.3982	0.52659999999999996	Number of UEs


EVM
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