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Introduction
UL data transmission without grant is supported in NR. And in RAN1 NR AH#2 [1], UL data transmission without grant has been discussed extensively and the following agreements regarding the signalling and the RS configurations were made:
Agreements:
· Type of UL data transmission without grant
· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signaling 
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signaling to activation/deactivation for UL data transmission without grant
· Note: functionality of modification is achieved the L1 signaling by activation
· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signaling to modify some parameters configured by RRC but no L1 signaling for activation
· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 
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
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
In RAN1#88 [2] and #88bis [3], it has been agreed that DMRS for NR supports both ZC and PN based sequence.
Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· Support ZC-sequence for UL DFT-S-OFDM DMRS
In this contribution, we further discuss the procedures for UL transmission without grant. Evaluations are also provided for the UE identification based on different RS configurations.
Resource configuration
For Type 1 UL transmission without grant, the RRC (re)configuration includes at least the following: periodicity and offset of a resource with respect to SFN=0, time/frequency domain resource allocation, UE-specific RS configuration, MCS/TBS, number of repetition K, power control, etc.  And it is FFS if multiple resources can be configured. 
Consider that the traffic payload of UL transmission without grant may vary from time to time, it is beneficial to configure multiple resources for a UE to adapt the variation of the upcoming data transmission. And because of the sporadic nature of the grant-free transmission, resource sharing between multiple UEs should also be supported. For the shared resource pool configuration, several options can be considered.
· Option-1: a resource pool with fixed resource allocation and MCS is shared by multiple UEs.
· Option-2: a resource pool with multiple resource allocations and MCSs is shared by multiple UEs, and multiple resource allocations occupy different bandwidths.
· Option-3: a resource pool with multiple resource allocations and MCSs is shared by multiple UEs, and multiple resource allocations share the same bandwidth.


Figure 1: Different options for shared resource pool configuration
For Option-1, only fixed resource allocation is supported. This can simplify the detection complexity at the expense of flexibility. This option is suitable for URLLC UEs with similar payload size. If the payload size of the URLLC UEs varies, Option-1 may not be efficient since the fixed resource allocation should be adapted to the largest payload, which means there will be some resource waste for the UEs with smaller payload. In such case, Option-2 may be more appropriate. In order to further reduce the resource allocation for URLLC UEs, Option-3 may be considered. The difference between Option-3 and Option-2 is whether the different resource allocations share the same bandwidth or not. Although Option-3 seems more efficient, the detection complexity as well as the interference between UEs with different resource allocation should be taken into account. Therefore, Option-2 can achieve good trade-off among flexibility, spectrum efficiency and detection complexity.
In case repetition is configured, the resource allocation for repetition should also be considered. In order to facilitate the resource management, physical resources for UEs with and without repetition maybe separately configured. And it is also preferred that the physical resource size in time and frequency domain should keep same for the K repetition.  

Proposal 1: A resource pool with multiple resource allocations and MCSs is shared by multiple UEs.
·  The multiple resource allocations occupy different bandwidths

HARQ related issues
HPN determination
It was agreed that NR supports more than 1 HARQ process for UL transmission without grant. In case of multiple HARQ processes are configured, we would need to consider how to indicate the HARQ process number of the current transmission to facilitate the gNB soft buffer handling. A possible solution is that the HPN can be associated with the transmission occasions. For example, if two HARQ processes are configured for the UE, the HARQ process can be alter in time domain of the configured resources. Figure-3 gives an example of mapping between HPN and the transmission occasions if two HARQ processes are configured with and without K repetitions. Although it is a straight-forward and simple solutions,  it  restricts the transmission opportunity for different HARQ process. Therefore, other solutions should be further considered.


Figure-2: HPN indication based on transmission occasions
Proposal 2: RAN1 should study the HPN determination for UL transmission without grant when more than 1 HARQ process is configured.
Same TB indication in UL grant to terminate a repetition
It was also agreed that repetition of the UL transmission without grant can be terminated by an UL grant. But it is FFS whether it is possible and how to determine if the grant is for the same TB. A TB can be identified by its HPN and whether it is a new transmission or not is signalled by a control field named NDI. Since adaptive asynchronous UL transmission is agreed for NR, HPN should be included in the UL grant. Therefore, from the gNB point of view, the main target is to determine the HPN of the UL transmission without grant. Once the HPN of the UL transmission without grant is determine, the gNB can send an UL grant to trigger a retransmission for the same TB if the NDI is not toggled and the HPN indicated in the UL grant is same as the initial grant-free transmission. 
Another possibility for the UE to determine the grant is for the same TB is based on the reception occasion of the UL grant. For example, if an UL grant is received within a predefined window, the UE may consider the UL grant is for the same TB. Figure-3 gives such an example. In this example, suppose the start time for the repetition is T0, and the repetition is configured with K=6. The predefined window is set as in the figure. Note that the predefined window size can be set considering the processing time and the configured value of K. if the UE receives an UL grant in T1, because T1 is within the predefined window, the UE may consider the received UL grant is for the same TB as the repetition transmission. 
[image: ]
Figure-3: example of the reception occasion of an UL grant
DMRS consideration 
Grant-free transmission in URLLC use cases is quite different from that in mMTC use cases, since RRC-connected is assumed to guarantee acceptable TO/FO. Furthermore, both time-frequency resource and RS can be pre-configured for each UE. To fulfill ultra-reliability requirement, coverage and traffic model assumptions in URLLC are expected to be less aggressive than those in mMTC use cases.
As mentioned, multiple UEs share the same time-frequency resource pool in a semi-persistent configuration manner for UL grant-free transmission. To guarantee performance requirements, orthogonal RS is preferred to be semi-statically assigned to each UE. Using ZC-based sequence, the orthogonality between UEs is coming from perfect auto-correlation property of ZC sequence. Using PN-based sequence, the orthogonality is coming from combs/OCC (Orthogonal Cover Codes)/cyclic shifts applied for each UE.
A UE may skip its allocated time-frequency resource when it does not have any data block to be transmitted. As a result, it is necessary to evaluate the realistic detection performance of UE identification and activation in RS design. In this section, BLER and MD rate are two metrics to be evaluated. 
The feasibility of UE identification based on ZC-based RS has been evaluated in [6]. NR has specified that DMRS could be ZC sequence for DFT-S-OFDM and PN sequence for CP-OFDM. In this section, we further evaluate the performance of PN-based RS for UE identification. The performance metric includes: missed detection (MD) rate and BLER. Detailed simulation assumptions can be found in Table A1 in the Appendix. ZC-based RS identification and ideal UE detection are also simulated as references.
Sequence generation and mapping
1. ZC-based RS


The base sequence used by all UEs in a given cell is assumed to be the same. Different cyclic shifts are used to distinguish UEs. The ZC sequence is given by , where  is the maximal prime less than the length of RS. The base sequence is obtained by cyclic shift padding the ZC sequence to the length of RS. Per UE cyclic shift is added similar to SRS in LTE. The cyclic shift interval is determined by number of UEs.
2. PN-based RS



The base sequence used by all UEs in a given cell is assumed to be the same. Different combs/OCC (Orthogonal Cover Codes)/cyclic shifts are used to distinguish UEs. The pseudo-random sequence is defined in TS36.211 Section 7.2. The base sequence is given by . It is observed that the length of PN-based RS sequence is a half of ZC-based sequence (corresponding to 2 combs in RS RE mapping). The OCC group is [+1 +1; +1 -1] for 2 OFDM symbols accommodating RS. Only 2 cyclic shifts (corresponding to phase of 0 or ) are available. Therefore the total number of available PN-based RS is 8, which corresponds to maximal 8 multiplexed UEs.
3. RS resource mapping
The occupied bandwidth of RS and data block can be either the same or different. In this contribution, the legacy design, i.e., RS and data occupies the same bandwidth, is assumed. The relationship between RS and UE is pre-configured with one-to-one fixed mapping. For the data part, 4 autonomous repetition is assumed where the frequency hopping is enabled with the configured hopping pattern of different UEs depicted in Figure A in the Appendix.
[image: ]
Figure 4 Channel structure of RS and data
Simulation results
Based on the simulation parameters shown in Table A1 in the Appendix, BLER performance between different schemes is compared as can be found in Figure 5. It should be noted that BLER here consists of MD rate and BLER of successfully detected UEs. In 8 UE case, the performance gap between ideal detection and realistic detection is negligible both for ZC-based and PN-based RS sequences. Since collision of occupied physical resources always occurs on each RU in 8 UE case, data decoding provided a more crucial contribution in BLER than missed detection. The operation point of realistic UE detection is in a relatively low range, which means using RS to distinguish UEs in grant-free use cases is a reasonable solution.
[image: D:\working_document\3GPP_5G_standadization\URLLC\BLER_SNR_ZC-PN_new.jpg]
[bookmark: _Ref490234259]Figure 5 BLER performance between different schemes
In Table 1, detection and decoding performance of RS schemes at each repetition are compared. The MD rate at each repetition, which means that the UE has not been correctly detected at this repetition, is summarized for 8UE case @ SNR = 2dB. Apparently, a lower MD rate at early repetitions is highly desirable for URLLC scenarios to achieve low latency and facilitate early termination of repetitions (to reduce interference on the subsequent resources/to save power). 
The overall performance of PN-based RS is better than ZC-based RS. The major reason is that the orthogonality of PN-based RS comes from three parts: comb/OCC/cyclic shift, while the orthogonality of ZC-based RS relies on cyclic shift only. With reasonable assignment of comb/OCC/cyclic shift to 4/8 UEs, two UEs use different combs to accommodate their PN-based RS on any RU. In other words, PN-based RS of two UEs is put on the same RU with FDM. For ZC-based RS, 4/8 cyclic shifts (even spaced) are pre-allocated to 4/8 UEs in a fixed manner. The space between cyclic shifts of two UEs may not be the largest (optimal) on any RU. Furthermore, FDM is not applicable in ZC-based RS case. The interference between ZC-based RS is the dominating limitation of performance. 
On the other hand, it is noted that the capacity of PN-based RS is limited by 8. If more than 8 UEs are to be multiplexed, the design of PN-based RS shall be changed accordingly. This coupling of RS design and capacity shall be considered in practical applications.
In short, both ZC-based and PN-based sequences work well in terms of overall detection performance given that the overload of URLLC traffic may not be quite large.
[bookmark: _Ref490234156][bookmark: _Ref490234152]Table 1 Detection and decoding performance of RS schemes at each repetition, 8 UEs with equal SNR = 2dB
	Repetition Index
	PN-based RS
	[bookmark: _GoBack]ZC-based RS

	
	MD rate
	Decoding rate
	MD rate
	Decoding rate

	1
	8.3e-5
	0.9756
	7.0e-4
	0.9749

	2
	0
	0.9998
	2.1e-4
	0.9991

	3
	0
	0.9999
	1.3e-4
	0.9997

	4
	0
	0.9999
	4.2e-5
	0.9998



Proposal 3: UE-specific RS parameters (e.g. root index, cyclic shift, comb index, OCC index) should be used for UE identification in UL transmission without grant.
Proposal 4: Confirm the working assumption that both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.

 Conclusion
In this contribution, some issues relating to the HARQ and UE identification for grant-free UL URLLC transmission are discussed. In summary, we propose:
Proposal 1: A resource pool with multiple resource allocations and MCSs is shared by multiple UEs.
· The multiple resource allocations occupy different bandwidths
Proposal 2: it is possible to determine if the grant is for the same TB
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot.
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant for the same TB.
Proposal 3: UE-specific RS parameters (e.g. root index, cyclic shift, comb index, OCC index) should be used for UE identification in UL transmission without grant.
Proposal 4: Confirm the working assumption that both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
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Appendix 
[bookmark: _Ref490234232]Table A1 Simulation assumptions used in the evaluations of UE identification
	Attributes 
	Values or assumptions 

	Carrier Frequency 
	4GHz

	User bandwidth 
	1RU = 2RB, frequency hopping within 4 RU

	Waveform
	CP-OFDM

	SC per RB
	12

	PHY Packet size 
	32 byte (including 24bit CRC)

	Modulation 
	QPSK

	Code rate
	256/(288*2) = 0.44

	Sub-carrier spacing 
	60kHz

	TTI length 
	0.25ms

	OFDM symbols per TTI 
	14

	OFDM symbols for data
	12

	RS symbols
	[1, 8], front-loaded per slot

	Repetition
	4

	Number of UEs
	4, 8

	Channel model 
	TDL-A, 30ns

	BS antenna configuration 
	4Rx

	UE antenna elements 
	1Tx

	Retransmission
	No 

	Channel estimation 
	Ideal/Realistic UE identification
Realistic channel estimation

	Receiver
	MMSE-IRC

	FA (false alarm)
	0.1%

	Performance metric
	BLER, missed detection rate, decoding latency



[image: ]
[bookmark: _Ref490234370]Figure A1. Physical resource hopping pattern for UE number N=8 and repetition number K=4.
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