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1.
Introduction
In this contribution, we provide our views on the UL transmission reliability enhancements, which is motivated by the following agreements. The goal is to realize higher reliability for URLLC uplink transmission.

RAN1#90bis Agreements::

· For each “SR configuration”, the following is indicated via RRC 
· A periodicity and offset which identify the slots/symbols to be used for SR
· FFS the offset for the SR periodicity shorter than one slot for a given SCS
· Non-periodic SR solutions to meet URLLC latency requirements are not precluded
· Slide 4 in R1-1719195 is agreed

	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1,2,5,10,20,40,80

	30
	2 symbols, 7 symbols, 0.5,1,2,5,10,20,40,80

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20,40,80

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20,40,80


RAN1 AH#3 Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission
RAN1 AH#3 Agreements:

· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)

· FFS BWP related information for frequency domain resource allocation
RAN1#90bis Agreements:

· At least support following periodicities of resources for UL transmission without UL grant 
· FFS other values with taking into account the alignment with 14 symbols
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	30
	2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20, , 32, 40, 64, 80, 128, 160, 320, 640

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 32, 40, 64, 80, 128, 160, 320, 640


According to the values of agreed periodicity for SR and resource configuration without UL grant, they are pretty much time aligned. To be specific, the value set of SR periodicity is generally the subset of the set used for resource configuration without UL grant.
2. Discussion
2.1 SR-lead UL transmission without grant
For UL transmission with grant, SR in general provides high reliability by using dedicated resource allocation. Due to low latency requirement, the periodicity configured for URLLC is in general lower. Compared to LTE using whole slot resource for SR transmission, short PUCCH format with limited resource can be used for URLLC SR transmission. The error detection probability of short PUCCH with 2 symbol, 12 subcarrier with 4 multiplexed ZC sequences could not meet the 10^(-5) reliability requirement in URLLC transmission. As for data part, upon completion of UL SR and the followed DL uplink grant signalling, leftover time for reliable transmission is very limited. It should be noted that, from application point of view, the reliability of UE detection is more demanding than data transmission since it is a prerequisite to satisfy stringent requirement on highly reliable data transmission in URLLC.  
For UL transmission without grant, signalling overhead is reduced. Based on grant-free agreements, DMRS can be used for gNB to detect UE. Due to possible collision of grant-free resource uplink resource shared among UEs, the detection rate is not as high as grant-based scheme. In addition, DMRS imposes overhead if URLLC data is sent using mini slots where one of the symbols (ex, 2 symbols) is occupied by URLLC. This overhead on the other hand reduce available time for robust transmission consisting of repetitions.       

Consider pros and cons of grant-based and grant-free UL transmission, a complementary scheme leveraging each other’s benefits can be considered to achieve high reliability at signalling part (UE detection) and data part, as well as to fulfil low latency transmission. 

For Type 1 uplink gran-free transmission. Upon uplink traffic arrives, UE can trigger SR prior to uplink data transmission using grant-free resource. The periodicity of SR and grant-free resource configured by gNB can be the same albeit the starting point is different. Based on this structure, reliable UE detection as a result of exclusive resource of SR as well as robust data transmission with low latency can be fulfilled. Since UE doesn’t need to wait for uplink grant, more repetition times are available for reliable transmission. In addition, the DMRS overhead for UE detection especially in mini-slot transmission can be relaxed with the help of SR. If SR and grant-free resource are interleaved. Depending on the traffic arrival time, UE can automatically determine either SR or grant-free resource is used for first transmission. In this case, UE can further reduce latency due to increased resource availability. Compared to tight connection between DMRS and grant-free resource, SR based UE detection is more resource efficient. DMRS however can still be used for assisting UE detection in case SR detection at gNB is failed or SR resource is not immediately available at the time of uplink traffic arrives. 
For Type 2 uplink grant-free transmission, uplink grant-free resource is only available after it have been activated by DCI. Unless the traffic pattern is periodic, gNB cannot predict the URLLC traffic arrival time at UE side and therefore have no idea when to activate grant-free resource via DCI. If the location of SR resource can be preconfigured prior to the uplink grant-free resource being configured by RRC but yet to be activated, rely on that UE can trigger gNB to perform DCI activation of corresponding grant-free resource immediately. This scheme not only retains the merit of resource efficiency in Type2 transmission, it creates a mechanism for uplink traffic notification and at the time enhances UE detection reliability. 

Proposal 1: NR should support SR-lead Type 1 and Type2 UL transmission with proposed operating procedure for reliable and low latency transmission.  

2.2 UL transmission under multiple-TRP
The most criticized part of uplink grant-free transmission is potential collision problem. This not only leads to unreliable transmission, more re-transmissions on the other hand cause additional transmission delay. Since the meeting of RAN2#96, multi-connectivity has been approved as a scheme for reliability enhancement in URLLC, where both user plane and control plane duplication is supported. For grant-free uplink transmission, multi-connectivity framework could also be considered at lower layer to achieve reliable UL traffic reception. 
High UE detection rate is utterly important and a prerequisite for high reliable uplink data transmission. Given that resource configuration with low periodicity is necessary to reduce waiting time for resource acquisition, only limited time resource is available regardless SR or DMRS based UE detection. In view of this, coordinated receiving of at TRPs should be considered for reliability enhancement, no matter aiming for UE detection or data reception.
For joint receiving of UL grant-free transmission among TRPs, some mechanism to form a TRP group in the first place is required for the following processing of received data. For example, depending on the detection result of SR/DMRS signal, TRPs successfully detected UE can implicitly form a TRP group to be ready for forthcoming UL data receiving. 
For receiving diversity scheme derived from multiple TRPs, either selective diversity obtained from dynamic receiving at the most suitable TRP or distributed diversity based on joint TRP receiving is possible. 
In the following are some application scenarios to realized robust uplink receiving via multiple TRPs. 
· Selected TRP reception
For selected TRP receiving, based on the measurement results on SR/DMRS, these TRPs can negotiate with each other to determine which TRP(s) is(are) more suitable and only one or more of the TRPs successfully detected UE ID is(are) responsible for the following UL reception. The decision criterion could be detected signal strength or currently traffic loading conditions at TRPs. In this case, only TRP(s) selected for UL reception need to perform channel estimation over corresponding uplink channel of detected UE. 
· Joint TRP reception over single transmission
In some delay sensitive applications, negotiation among TRPs after UE detection may not suitable due to additional latency. For example, the time-consumption necessity for measurement and coordination among TRPs might extend across over the time point of UL data transmission. In this case, after UE detection, each individual TRP then receives UL data directly, negotiation is performed afterward to come up with the best decision after data combination and robust decoding. If ideal backhaul is present, signal combination at physical layer is feasible, while for non-ideal backhaul, data duplication at each independent reception at TRP is necessary. Note that RAN2 has already agreed packet duplication for user plane and control plane in NR-PDCP for both CA and DC cases.

· Joint TRP reception over multiple transmissions
In case of beamforming, data of the same PDU with different RVs can be transmitted to different TRPs simultaneously, diversity gain over HARQ combination can be achieved, it is beneficial for cell-edge UEs with limited time budget to perform time-domain HARQ due to stringent latency requirement. Some discussions on UL multi-panel and multi-TRP have been discussed in the MIMO section, including different propagation delay, power control and SRS grouping. An issue of this scheme is limited power budget at UE in the UL transmission. Different DMRS sequence design for different RVs can be considered for ease of HARQ combination at the network side. 
· Joint TRP reception over multiple resources
For multiple resource configurations in uplink grant-free transmission, different resource could be configured by different TRP. Beam direction then targets on a specific TRP using preconfigure uplink grant-free resource. In this case, URLLC UE can perform beam switching over different configured resource and each TRP only need to monitor the appearance of SR/DMRS on configured resource. Coordinated resource configuration among multiple-TRPs prevents high density resource deployment at a single TRP since TRPs can interleave their individual resource and each transmit with a specific periodicity to come out with an overall low periodicity resource for low latency requirement. URLLC UEs, rely on their traffic need, autonomously select proper number of resource combination, each corresponding to a TRP. In this way, resource usage is more efficient from single TRP point of view. Moreover, processing time at TRPs can be relaxed due to this parallel processing structure.            
Proposal 2: In addition to UE identification, SR/DMRS can trigger coordination among TRPs for joint UL data reception.
3.
Conclusion
Proposal 1: NR should support SR-lead Type 1 and Type2 UL transmission with proposed operating procedure for reliable and low latency transmission.  

Proposal 2: In addition to UE identification, SR/DMRS can trigger coordination among TRPs for joint UL data reception.
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