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Discussion and Decision
1
Introduction
In RAN1#86 meeting, it was agreed that
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

It was agreed that for URLLC,
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

In RAN1#86bis meeting, it was agreed that for 2-step RACH

· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs

· RAN1 has discussed the following: 

· The use of a UE identity in Msg 1

· Msg 2: RA response that is addressed to the UE identity in Msg 1

· FFS on the definition and choice of the UE identity
· FFS on the applicability scenarios of simplified RACH procedure 
Based on current discussion and agreements, we discuss basic procedure of grant-free transmissions for URLLC.
2
Discussion 
In this section, we propose a basic grant-free transmission procedure for URLLC, which can also be taken as the unified solution for other use cases of grant-free.
2.1


Basic grant-free transmission procedure for URLLC
UL grant-free transmission can achieve lower latency and lower signalling overhead if user collision is efficiently controlled. Therefore it is attractive to be used for URLLC to achieve the stringent delay requirement and for overhead reduction in case of intermittent small packet transmission in URLLC. 

It is proposed that UL grant-free transmission for URLLC includes a preamble transmitted together with the data transmission in the first step, and a response in the second step [1]. The preamble is at least used to indicate a grant-free data transmission, so that the TRP does not need to always detect UL data channel and therefore means lower decoding effort. It is FFS whether and what kind of information the preamble can carry to provide additional benefits. 

It is noted that RAN1 and RAN2 are studying 2-step RACH procedure, which contains two steps, an Msg.1 and an Msg.2. As proposed in [2], Msg.1 is transmitted using grant-free and includes a preamble signal and a data signal, and Msg.2 is the random access response. 2-step RACH is proposed to be used in several use cases for UEs in RRC connected and NR new states. The data signal in Msg.1 might contain data payload if there are data bits in the buffer. The basic 2-step RACH procedure shall be designed to be aligned with the basic grant-free procedure. 
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Fig.1: Basic grant-free transmission procedure
Fig.1 illustrates the basic procedure. It is proposed that this procedure shall be taken as the baseline for grant-free study for URLLC. More procedures might be introduced in the future [3], e.g., to reduce collision probability between UEs. 
Proposal 1: The basic grant-free procedure for URLLC contains a preamble and data signal transmitted by the UE, followed by a response from the BS. This procedure shall be taken as the baseline procedure for grant-free study for URLLC. 
The resources for preamble and data signal can be jointly or separately configured by TRP. In order to fulfil low collision rate, the amount of resources for data transmission shall be carefully configured by taking the traffic load into consideration.  

The preamble sequence can be either uniquely allocated to a UE or randomly selected by a UE, targeting for the cases where the number of UEs allocated with the same grant-free resource is smaller or larger than the number of preamble sequences. The preambles are assumed to be mutually orthogonal sequences, e.g. Zadoff-Chu sequences. The resources for data transmission are selected based on the preamble and possibly combined with a predefined rule to further select a subset of resources, when UE does not need to use full resources for data transmission. 
Proposal 2: The preamble sequence is either uniquely allocated by the TRP or randomly selected by UE. The resource for data transmission are selected based on the preamble and possibly combined with a predefined rule to further select a subset of resources.
TRP will send a response when it receives preamble(s) and/or grant-free data block(s). There are two options regarding the transmission format of the response, 
· Opt.1: The response contains detection results for one or multiple UEs, depending on how many data signals and/or preamble sequences have been detected in the grant-free resources. The response might be sent in a subframe within a predefined time window. In this option, the response is transmitted in NR data channel and is scheduled by a control channel. The CRC of this control channel is scrambled by a group RNTI. Depending on the detection results, the response might contain the detected UE-ID or preamble ID. It might also contain UL-grant(s) to switch UE(s) to schedule based transmission.
· Opt.2: The response contains detection result for only a single UE. As a simple solution, the TRP will transmit a response using UE specific control channel (without any PDSCH transmission) if TRP has detected a data signal and/or a preamble signal from a specific UE, otherwise there is no any response transmitted. The CRC of the response channel is scrambled by UE-ID, such that UE can identify this control channel. The PDCCH carrying the response might also contain UL-grant to switch the UE to schedule based transmission. 
The choice of opt.1 or opt.2 might depend on what kind of RRC states URLLC UEs can be configured. For RRC connected UEs with an allocated NR C-RNTI, using opt.2 is beneficial in terms of lower detection effort (only needs to detect a control channel) and potentially lower latency. However for new RRC states without NR C-RNTI, opt.1 might be used for sending the response. 
The study of grant-free response also includes the timing design. It is natural that for delay sensitive services in URLLC, the response shall be sent immediately after detection. 
Proposal 3: Study at least the following two options as NR grant-free response for URLLC, 
· Opt.1: The response contains detection results for one or multiple UE. The response is transmitted in NR data channel and is scheduled by a control channel. The CRC of this control channel is scrambled by a group RNTI.
· Opt.2: The response contains detection result for only a single UE. As a simple solution, the TRP will transmit a response using a UE specific control channel. The CRC of this channel is scrambled by UE-ID. 
2.2


Extend the procedure to other use cases
As was proposed in [4], besides URLLC, the grant-free transmission is also attractive to be used for intermittent small packet transmission in

· mMTC use case, where potentially a high number of UEs only send low to moderate size payloads at a low frequency;
· eMBB with e.g., various smart phone applications, such as messaging, VoIP, gaming, TCP ACK, keep-alive services etc.. 
To ease the design and reduce the complexity, it is preferred to utilize a unified basic procedure for all these use cases as much as possible. The proposed basic transmission procedure for URLLC shall be taken as the procedure also for eMBB and mMTC. 
Proposal 4: The proposed basic transmission procedure shall be used also for grant-free transmission for eMBB and mMTC. 
3
Conclusion 

We have following proposals for grant-free basic transmission procedure for URLLC,
Proposal 1: The basic grant-free procedure for URLLC contains a preamble and data signal transmitted by the UE, followed by a response from the BS. This procedure shall be taken as the baseline procedure for grant-free study for URLLC. 

Proposal 2: The preamble sequence is either uniquely allocated by the TRP or randomly selected by UE. The resource for data transmission can be selected based on the preamble and possibly combined with a predefined rule to further select a subset of resources.
Proposal 3: Study at least the following two options as NR grant-free response for URLLC, 

· Opt.1: The response contains detection results for one or multiple UE. The response is transmitted in NR data channel and is scheduled by a control channel. The CRC of this control channel is scrambled by a group RNTI.

· Opt.2: The response contains detection result for only a single UE. As a simple solution, the TRP will transmit a response using a UE specific control channel. The CRC of this channel is scrambled by UE-ID. 
Proposal 4: The proposed basic transmission procedure shall be used also for grant-free transmission for eMBB and mMTC.
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