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1
Introduction
In RAN1#87, it was agreed that,
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

In our companion contribution [1], we provide an overview of UL transmission schemes for URLLC, and a new contention-based transmission scheme is considered beneficial for URLLC in order to achieve low latency efficiently for sporadic traffic with small packets. In this contribution, we discuss basic procedure of grant-free transmissions for URLLC, focusing on the support of contention-based transmission (although it can operation as contention-free via proper configuration). 
2
Discussion 
As was agreed, UL transmission scheme without grant is supported for URLLC. UL grant-free transmission can achieve lower latency and lower signalling overhead than grant-based since UE does not need to send scheduling request and wait for UL grant before data transmission. It is therefore attractive to use grant-free to achieve the stringent delay requirement in case of intermittent or periodic small packet transmission in URLLC [1]. 

2.1


Basic grant-free transmission procedure

For grant-free transmission, the resources, or a resource pool, are configured for one or multiple UEs before data transmission. The configuration could be through RRC signalling or based on SPS alike scheme using physical layer signalling. For the cases that multiple UEs are configured with the same resources, the transmission is based on contention and there might be collisions among UEs. In order to fulfil low collision rate, the resources for data transmission shall be carefully configured by taking various aspects into consideration, including the traffic load, traffic pattern and so on. Besides, advanced receivers shall be considered to further alleviate the impact of collision. 
We evaluate the collision rate for different PAR (packet arrival rate) without considerations of retransmission. The result is shown in Figure 1. Here we assume 20UEs are configured to share 6PRBs and UE will random select one PRB when there is a packet coming to the buffer. Collision happens when two or more UEs select the same resources. It clearly shows the collision rate increases with the higher PAR.
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Figure.1 collision ratio for different PAR, 20UEs sharing 6PRBs
Figure 2 shows the collsion ratio for each number of collided UEs under each PAR. It is observed that most collisions happen with 2UEs colliding. As one exmaple, the collision probablity for PAR=20/s/UE would be in a level 10-2 for 2UE colliding and around 10-3 for 3 UE colliding. Therefore in the cases if the advanced receiver can recover two or more UEs signal when colliding, the collsion probability would be very low. In short, the proper configuration of resources and the advanced UE receiver are important ways to achieve very stringent detection reliability requirement when using grant-free for URLLC. 
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Figure 2 collision ratio for each number of collided UEs under each PAR
When there is a packet in the UE buffer, UE starts the transmission in the configured resources. The basic transmission procedure includes a preamble transmitted together with the data block in the first step, and a response in the second step [2]. Figure 3 shows such procedure. 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. The preamble may also serve as reference signal for channel estimation. It is FFS whether there are other information the preamble can carry to provide additional benefits. 
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Figure 3: Basic grant-free transmission procedure
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. 
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 for UE to further select a subset of resources, when UE does not need to use all resources for data transmission. 
Proposal 2: The preamble sequence is either uniquely allocated by the TRP or randomly selected by UE. 
Proposal 3: The resources for data transmission are selected based on the preamble and possibly a predefined rule.
TRP will send a response when it receives a data block and/or a preamble. The response might be the detected preamble ID or the UE ID, depending on the detection results. 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, whose CRC is scrambled by a group RNTI.
· Opt.2: The response contains detection result for a single UE only. As a simple solution, the TRP will transmit a response using UE specific control channel. The CRC of the response channel is scrambled by UE-ID.
Comparatively, opt.1 enables more scheduling flexibility by allowing group responses sending in a time window. While opt.2 is beneficial in terms of lower detection effort (only needs to detect a control channel) and lower latency, which is more important for URLLC. 
Proposal 4: The response contains detection result for a single UE only and carried in the DCI.  
2.2


HARQ procedure
It is well understood that it is challenging to achieve ultra-reliable communications (e.g., BLER of 10-5 or less). In particular, the interference and fade margin can be many tens of dB beyond that when operating at “normal” BLER targets (e.g., 10-2 to 10-1). The challenge is escalated with the requirement for low latency (e.g., < 1 ms).

In order to achieve the stated goals, every degree of freedom must be considered. While robust low-rate coding certainly offers a possibility, it is inefficient for UEs with better link quality. We believe that a core element to achieving the extreme level of reliability is for URLLC to support HARQ with adaptive modulation and coding. 

Proposal 5: Grant-free URLLC should support HARQ to achieve high levels of reliability.

The effectiveness and the efficiency of HARQ is also very important. It is critical to maximize the diversity for URLLC transmissions. In cases where a low latency requirement is additionally imposed, time diversity cannot be achieved. So frequency and interferer diversity becomes even more important. Depending on the UL waveform being used, frequency and interferer diversity can be achieved via wideband transmissions (for CP-OFDM) and/or frequency hopping between HARQ transmissions (for both CP-OFDM and DFT-S-OFDM). 

Proposal 6: Grant-free URLLC should support HARQ transmissions that maximize frequency and interferer diversity. Frequency hopping between initial and subsequent re-transmissions, if needed, should be supported.
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Figure 4. Frequency hopping between HARQ transmissions of URLLC to achieve frequency and interferer diversity

Further, in order to maximize the received energy to decode a URLLC transmission, there should be provision for the transmissions to be combined. For frequency-hopped URLLC transmissions, this would require that the time and frequency offsets between HARQ transmissions are known to both the transmitter and receiver.

Proposal 7: Grant-free URLLC should support combining between HARQ transmissions.
While achieving frequency and interferer diversity play a major role in achieving high reliability, there may be a need to provide further protection against interference. At the primitive level, there should be an ability to ensure that initial HARQ transmissions and/or HARQ re-transmissions to occur on a dedicated URLLC resource. In this way, there will be no intra-cell interference from other traffic, e.g. eMBB. Further, it may be necessary in some cases to protect transmissions from inter-cell interference, e.g. frequency reuse. Unless URLLC is supported on a dedicated carrier, sparse frequency reuse would not be employed at the carrier level, but rather for time/frequency resources within the carrier. 

Proposal 8: Grant-free URLLC should support HARQ transmissions in resources dedicated for URLLC. Further, URLLC support for resilience to inter-cell interference should be studied.

Depending on the latency budget and HARQ timing, it may be possible to transmit a maximum number of HARQ transmissions. As the maximum number of HARQ transmissions approaches, it may be beneficial to allow the level of redundancy and the transmit power (when feasible) to increase, thereby improving the probability of successful decoding and reducing the probability of additional re-transmissions. 

Proposal 9: For grant-free URLLC, the benefit of allowing transmit power and/or redundancy levels to increase with each HARQ re-transmission should be studied.
Depending on the criticality of the message, it may be beneficial for highly critical URLLC transmissions to be communicated at quick intervals (perhaps in contiguous TTIs) until an acknowledgement is received. In this case, each transmission is self-decodable and combining (Chase or incremental redundancy) is possible.

Proposal 10: For especially time critical grant-free URLLC, study the benefit of allowing autonomous transmissions/retransmissions of a message, where each transmission is self-decodable.

2.3


Grant-free to grant-based switching
For the scenario that a preamble is uniquely configured to each URLLC UE, if TRP correctly detects the preamble but does not detect the data payload because of a collision, or because of a suddenly changed channel quality, the transmission can be switched to grant based．UE needs to listen to a UL scheduling grant to retransmit the data payload. In this case, the preamble could be used as a scheduling request and a reference signal, for TRP to estimate the UL channel. Based on that, TRP could select an appropriate MCS to schedule the retransmission. 

Proposal 10: TRP could send an UL grant to UE to schedule a grant-based retransmission for URLLC.
As another aspect, the grant-free based transmission is in general more efficient for small packet UL transmission for URLLC in terms of lower latency and lower overhead. While for medium to large packets, due to limited flexibility in terms of link adaptation and power control for grant-free, it might result in higher latency to fully use grant-free for transmitting such kind of packets. In practice, the incoming packet size for URLLC might be variable due to different traffic types. Therefore, efficient mode switching from grant-free to grant based is needed to adaptively meet the requirement of different incoming packet size. 

It should be noted the packet size here is a relative value and should be compared with the amount of bits that can be transmitted in the configured resources, which is determined by the resource size and the configured MCS. An incoming packet is transmitted using one-shot transmission if the packet size is equal to or less than the number of bits that could be accommodated by the allocated grant-free resource, otherwise, which might be more typical, one-shot transmission is not enough to transmit the incoming packet. 

In this case, the mode switching needs to be considered. As one simple and straightforward way, we can confine that the UE can use grant-free only once regardless of incoming packet size. That is to say if an incoming packet cannot be transmitted using one-shot, UE needs to be turned to schedule based transmission. The disadvantage of this way is comparatively more latency, since after one-short grant-free transmission, UE at least needs to wait the TRP response before any following transmission.  
In order to further reduce the latency, it is proposed to allow TRP to configure a number of opportunities (i.e., a number of transport blocks) that can be transmitted using grant-free for the incoming packet. If the incoming packet cannot be finished in these opportunities, UE turns to grant-based for transmitting the remaining payload bits.. 

Figure 5 illustrates one example, where in subframe #k, an incoming packet is short enough and is transmitted using one-shot grant-free transmission. While for another packet transmitted from subframe #n, UE uses grant-free to transmit the first 3 transport blocks and then turn to grant based transmission. 


[image: image5.emf]S

F

#

k

S

F

#

n

Multi-shot transmission

of an incoming packet

UL:

grant-free

One-shot

grant-free grant-based

Figure 5 One-shot and multi-shot transmission of an incoming packet
In case of mode switching, UE needs to transmit buffer status report (BSR) to TRP. The BSR can be transmitted in multiple transport blocks in order to have reliable detection performance. 

Proposal 11: TRP can configure a number of opportunities for grant-free transmission. If the incoming packet cannot be finished in these opportunities, UE turns to grant-based for transmitting the remaining payload bits.
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. 

Proposal 2: The preamble sequence is either uniquely allocated by the TRP or randomly selected by UE. 

Proposal 3: The resources for data transmission are selected based on the preamble and possibly a predefined rule.
Proposal 4: The response contains detection result for a single UE only and carried in the DCI.  
Proposal 5: Grant-free URLLC should support HARQ to achieve high levels of reliability.

Proposal 6: Grant-free URLLC should support HARQ transmissions that maximize frequency and interferer diversity. Frequency hopping between initial and subsequent re-transmissions, if needed, should be supported.

Proposal 7: Grant-free URLLC should support combining between HARQ transmissions.
Proposal 8: Grant-free URLLC should support HARQ transmissions in resources dedicated for URLLC. Further, URLLC support for resilience to inter-cell interference, e.g. blanking patterns, should be studied.

Proposal 9: For grant-free URLLC, the benefit of allowing transmit power and/or redundancy levels to increase with each HARQ re-transmission should be studied.
Proposal 10: TRP could send an UL grant to UE to schedule a grant-based retransmission for URLLC.

Proposal 11: TRP can configure a number of opportunities for grant-free transmission. If the incoming packet cannot be finished in these opportunities, UE turns to grant-based for transmitting the remaining payload bits.
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