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1 Introduction

In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [1].
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

After RAN1 91 meeting, one email discussion [91-LTE-10] regarding candidate techniques for LTE URLLC was initiated including the potential enhancements for UL transmission [2]. In this contribution, we analyze some candidate solutions for PUSCH design to achieve the above requirements.
2 Candidate techniques for LTE UL URLLC
The UL performance of LTE-URLLC is evaluated with or without grant-based scheduling in [3]. According to these evaluation results, the following can be observed:

· The requirement of (10-4, 10ms, 32 bytes) can be achieved for grant-based UL data channel by 1-shot transmission (in cases of 1T4R and 1T8R), repetitions or 1 HARQ retransmission of 2 OS sTTI.

· The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-based UL data channel even though by sTTI.
· The requirement of (10-5, 1ms, 32 bytes) can be achieved by grant-free UL data channel of 2 OS sTTI.
· The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-free UL data channel by 1 HARQ retransmission of 2 OS sTTI.
Therefore both grant based and grant free UL transmission with current sTTI design can be considered to achieve different requirements for LTE-URLLC. For example, the grant free UL transmission can ensure the targets of (1ms latency, 10^-5 BLER) and (10ms latency, 10^-4 BLER) and the grant based UL transmission can ensure the target of (10ms latency, 10^-4 BLER).
The potential enhancements for grant free and grant based scheduling are discussed as follows. 
2.1 Grant free transmission

As discussed above, the requirements of 1ms latency with 10^-5 BLER can only be achieved by grant free transmission in current LTE systems with sTTI. Therefore, grant free transmission for uplink should be supported. 

Two options for grant free transmission can be studied. One is UL SPS with UL skipping and the other is UL SPS without L1 activation/deactivation signaling as supported in NR. Since SPS validation of activation/release of assignment for sPUSCH was specified in sTTI, UL SPS with UL skipping on top of sTTI can be considered as it may need less specification efforts given the limited time for specifying LTE URLLC. On the other side, UL SPS without L1 activation/deactivation signaling (i.e., Configured grant Type 1 in NR) is also appealing from the aspects of reliability and latency as it does not rely on L1 signaling receiving. 

Proposal 1: Two options for grant free transmission in LTE-URLLC are considered:
· Option 1. UL SPS with UL skipping 

· Option 2. Configured grant Type 1 where an uplink grant is provided by RRC, and stored as configured uplink grant as adopted in NR
In addition, since repetition can alleviate the burden to achieve high reliability incurred by one shot PUSCH transmission and also meet the targeted requirement of (1ms latency, 10^-5 BLER), UL grant free with repetition should also be supported.

Proposal 2: Grant free transmission being able to be configured with repetition is supported for LTE-URLLC.

Either option 1 or 2 grant free in LTE URLLC should be based on sTTI structure as depicted in Table 1. For example, two UL DMRS patterns as in Table 1 are supported for sTTI UL SPS in current specifications. When grant free transmission is configured with repetition, it is reasonable to be able to configure the shared DMRS pattern as well so as to improve the data transmission efficiency. Transmission occasions for grant free with repetitions may be located in the sTTI which contains the DMRS that is shared, then how to identify the real transmissions from the DMRS of the sTTI needs to be studied in such a case. 

Table 1. sTTI structure for UL SPS

	sDCI field (1-bit)
	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	0 (no sharing)
	R D D
	R D
	R D
	R D
	R D
	R D D

	1
	R D D
	D D | R
	R D
	D D | R
	R D
	R D D

	R : Reference symbol

D : Data

 |  : sTTI border


Proposal 3: Shared UL DMRS pattern is supported for UL grant free transmissions when configured with repetition.
Grant free transmission with HARQ-ACK feedback which triggers retransmission can be considered for the requirements of (10-4, 10ms). It was discussed in NR as well. The solutions, for example, could be one of the following forms: UL grant, group common DCI and etc. Given UL sTTI SPS with UL grant indicating NACK is already supported in current specifications, then ACK carried by UL grant can also be considered, in which case some parameters in UL grant (e.g., RA, MCS, etc) can be used to revise/modify the related configurations for grant free. 
Furthermore, when grant free either option 1 or option 2 is configured with repetition, there are some issues that can be studied and solutions for (some of if not all) the following issues specified in NR could be as a reference for LTE grant free transmission:

· How to indicate the repetition number

· How to identify the repetitions which are corresponding to the same TB 
· How to identify RV for each repetitions which are corresponding to the same TB
· How to allocation the resource to the repetitions, e.g. hopping between different transmission occasions
· Whether or not to allow UE to initiate UL grant free transmission at any transmission occasion
· How to identify the different UEs when sharing the same resources from eNB perspective and how to mitigate the UL collision among UEs. 
Note that the minimum sTTI is 2 OS with fixed 15 KHz subcarrier spacing which is different from NR design. Therefore, it is preferable to allow UE to initiate UL grant free transmission at any reserved transmission occasions for the sake of low latency, especially for the requirement of (10-5, 1ms). How to identify the UL grant free transmission corresponding to the same TB at eNB side in such a case needs to be investigated.
In addition, when multiple UEs could be configured with the same grant free time/frequency resources, how to mitigate the UL collision among UEs for reliability is important for LTE URLLC given sTTI length is fixed, which needs further study.  
Proposal 4: The solutions for the following issues adopted in NR are as reference for grant free design in LTE. 

· How to indicate the repetition number

· How to identify the repetitions which are corresponding to the same TB 
· How to identify RV for each repetitions which are corresponding to the same TB
· How to allocation the resource to the repetitions, e.g. hopping between different transmission occasions
· How to identify the different UEs when shared the same resources from eNB perspective and how to mitigate the UL collision among UEs. 
Proposal 5: Initiating UL grant free transmission at any transmission occasion is supported in LTE. 
Proposal 6: Study on mitigating the UL collision among UEs for reliability when configured with the same grant free time/frequency resources. 
2.2 Grant based transmission 
As observed in [3], grant based UL transmission on top sTTI can ensure the target of (10ms latency, 10^-4 BLER). Therefore the grant based transmission is also considered for LTE-URLLC design. The main issue for grant based transmission is how to ensure the reliability of all channel involved in the transmission procedure at least including SR transmission, UL grant transmission, PUSCH transmission.
For SR transmission, SR based on sTTI with a short SR periodicity or SR based on 1ms may be sufficient to ensure the reliability. In addition, from the aspect of latency, multiple SR configurations to target different latency requirement could be further studied.
For PDCCH reliability enhancement, in addition to repetition, compact DCI, increasing aggregation level, false alarm identification are considered referring to [4] for details. As for PUSCH transmission, repetition can also be considered. Unlike grant free transmission with repetition as discussed in section 2.1, for grant based transmission, repetition number as well as HARQ process ID, RV can be explicitly indicated via the UL grant. 
3 Conclusion

In this contribution, potential enhancements for grant free transmission and grant based transmission were discussed, aiming at the targeted requirement (1ms latency, 10^-5 BLER) or (10ms latency, 10^-4 BLER). According to the analysis, some proposals are achieved.
Proposal 1: Two options for grant free transmission in LTE-URLLC are considered:

· Option 1. UL SPS with UL skipping 

· Option 2. Configured grant Type 1 where an uplink grant is provided by RRC, and stored as configured uplink grant as adopted in NR

Proposal 2: Grant free transmission being able to be configured with repetition is supported for LTE-URLLC.

Proposal 3: Shared UL DMRS pattern is supported for UL grant free transmissions when configured with repetition.
Proposal 4: The solutions for the following issues adopted in NR are as reference for grant free design in LTE. 

· How to indicate the repetition number

· How to identify the repetitions which are corresponding to the same TB 
· How to identify RV for each repetitions which are corresponding to the same TB
· How to allocation the resource to the repetitions, e.g. hopping between different transmission occasions
· How to identify the different UEs when shared the same resources from eNB perspective and how to mitigate the UL collision among UEs. 
Proposal 5: Initiating UL grant free transmission at any transmission occasion is supported in LTE. 

Proposal 6: Study on mitigating the UL collision among UEs for reliability when configured with the same grant free time/frequency resources. 
References

[1] RAN1 Chairman’s Notes for 90bis meeting. 
[2] [91-LTE-10] Email discussion on candidate techniques for LTE URLLC.

[3] R1-1801868, “Remaining details of evaluations”, Huawei, HiSilicon.
[4] R1-1801389, “PDCCH design for LTE URLLC,” Huawei, HiSilicon.
