3GPP TSG-RAN WG1#88
R1-1703329
Athens, Greece, February 13-17, 2017
Agenda item:

8.1.3.4.3
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
UL grant-free transmission for URLLC
Document for:

Discussion and Decision
1
Introduction
URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines some general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 1-10-5 to transmit a 32 bytes packet within 1 ms.

In RAN1#87 [2], the following was agreed regarding UL transmission for URLLC:

· 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
Further, regarding resource configuration for UL grant-free transmission, the following was agreed in RAN1-NR#1 meeting [3]: 
· For an UL transmission scheme without grant

· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data

· channel structure of grant-based data transmission can be starting point

Also it was agreed in RAN1-NR#1 [3] that, 

· For an UL transmission scheme with/without grant

· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 

· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions

In this contribution, we discuss the basic procedure of UL grant-free transmissions for URLLC. It is considered that the resources for grant-free transmission can be semi-statically configured using RRC signalling similar as in LTE SPS, and/or physical layer signalling for a period of time instead of being dynamically granted at each TTI. We show also the possible options for operating in contention-based or in contention-free, either for initial transmission or for the retransmissions.
2
Discussion 

As agreed in RAN1, UL transmission scheme without grant is supported for URLLC. UL grant-free transmission can achieve lower latency and lower signalling overhead than grant-based transmission since UE does not need to send scheduling request and wait for UL grant before data transmission. Furthermore it can relax the reliability requirement on data channel since the errors due to scheduling request and resource grant can be avoided [4]. It is therefore attractive to use grant-free to meet the stringent delay requirement in case of intermittent or periodic small packet transmission in URLLC. 
2.1


Flexible UL grant-free configurations
The semi-static resource configuration with certain periodicity, similar as LTE SPS, should consider the latency requirement of the use cases. For the general URLLC target for instance, the periodicity can be quite long. Therefore, reserve resources for each individual URLLC UE can lead to high blocking probability and network capacity loss. In order to avoid such issues, the allocation of shared resources to multiple URLLC UEs can be beneficial, especially in a highly loaded network with many URLLC UEs with sporadic traffic, where it is possible to configure a shared resources to more than one URLLC UE. In this case, multiple UEs share the same resource allocation pattern and use contention based UL transmission with load control at the BS to control the collision probability.

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

To maximize the benefits of grant free allocation for URLLC, the initial transmission and the retransmission should be configured inidividually, on dedicated resources or shared resources. Performing grant based retransmission when a failure is detected on the initial grant free transmission should be also possible. These options give more freedom for the resource allocation on different conditions (loaded or unloaded network, periodic or aperiodic traffic, different latency constraints etc.). Figure 1 below shows possible options.
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Figure 1: Possible options for resource configurations
It is worth to point out that Figure 1 is not restricted to any particular time/frequency scale. Besides this, the time in TTIs between the initial transmission and retransmission tr, and also between the transmission occasions ts, can be configured according to the service requirements. That is, tr can last from 0 TTIs (in case of automatic retransmission/repetitions) to at least the number of TTIs required in the case of feedback based retransmission. And ts can also last 0 TTIs (which is an occasion in every TTI), or more, depending on the latency contraint.
Proposal 2: The semi-static grant free allocation of dedicated versus shared resources can be flexibly configured for initial transmission and retransmissions separately.

2.2
Operation principle of UL transmission with shared resource
For grant-free transmission, the resources, or a resource pool, are configured for one or multiple UEs before data transmission. 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 achieve a low collision rate, the allocated resources for data transmission shall be carefully configured by taking various aspects into consideration, including at least the traffic load, traffic pattern and so on. In addition, 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 2. Here we assume 20 UEs are configured to share 6 PRBs and the UE will randomly show the collsion ratio for each number of collided UEs under each PAR. It is observed that most collisions happen with 2 UEs colliding. As one exmaple, the collision probablity for PAR=20/s/UE would be on a level of 10-2 for 2 UE colliding and around 10-3 for 3 UE colliding. Therefore in the cases if the advanced receiver can recover two or more UEs signal even with 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 shared resource are scheduled for grant-free transmission. 
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Figure 2: collision ratio for each number of collided UEs under each PAR

Observation 1: Proper configuration of the size of shared resources (for example based on the number of UEs, traffic pattern etc.) and the advanced UE receiver are important ways to achieve very strict reliability requirement when using shared resource for UL grant-free transmission. 

It is benefical if the gNB could identify which UE is transmitting even though it does not correctly decode the transmitted data block, such that gNB could apply the soft combination during receiving the retransmission. For URLLC, the UE identification should be especially reliable enough, in order to improve the data detection performance. To facilate the design, there might need a predefined miss detection requirement under a certain false alarm rate for UE identification. 

It was proposed by some companies [5,6] to identify the UE using the reference signals. In this case UEs are preconfigured with orthogonal reference signal sequences and gNB would typically do correlation operations to detect the transmitted sequences. We evaluate the RS detection performance with 72/144 number of RS REs for EPA/ETU channel, repectively. The performance is shown in Figure 3. The detailed simulation assumptions are listed in the Appendix. 
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Figure 3 RS detection performance for UE identification
From Figure 3, it is observed that for a given SNR, the miss detection probability depends on the false alarm rate, the channel statistics and the sequence length. As an example, if a type of URLLC service requires UE identification performance of less than 10-3, the number of RS REs shall be larger than 144 for the target SNR being 0dB in EPA channel, FL=0.01. More REs are needed for lower SNR, and/or lower FL, and/or ETU channel. Therefore for some cases when e.g., there are limited resources allocated for grant-free transmission, having so many REs for RS detection means large overhead (depends also on channel estimation performance requirement), and correspondingly needs more number of transmissions (more segmented TBs) for a given incoming packet, which means more latency. This is not desirable from URLLC design point of view. 
Observation 2: For URLLC grant-free UE identification, it might need to consider whether there should be a predefined miss detection requirement under a certain false alarm rate.
Observation 3: Using RS for UE identification might need large number of RS REs, which results in large overhead and correspondingly more latency for transmitting an incoming packet.
Based on the observations, we propose that for URLLC UL grant-free transmission, a preamble is transmitted together with the data block. The preamble is used to identify the UE, and also might be used as a reference signal for channel estimation. The preamble shall be designed reliable enough and meet the scalable detection requirement in URLLC. Meanwhile it shall not cause much overhead in the resources for data transmission. 
Therefore 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 as illustrated in Figure 4. 
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Figure 4: Basic grant-free transmission procedure

Proposal 3: 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 preambles are assumed to be mutually orthogonal sequences, e.g. Zadoff-Chu sequences. A preamble sequence could be exclusively allocated to a UE, if the number of UEs allocated with the same grant-free resources is smaller than the number of preamble sequences. In practice, in order to have reliable detection performance, UEs will not be assigned with sequences with neighboring cyclic shifts. This puts a further restriction on the number of UEs that can be configured with the same grant-free resources, which is not efficient when there are many URLLC UEs and the traffic is very sparodic. In this case it is beneficial that the preamble sequences are shared among UEs, for example, UEs might randomly select a preamble from the available preamble sequences, or two or more UEs are assigned with the same preamble sequence. 
Proposal 4: For URLLC grant-free, a preamble sequence could be exclusively allocated to a UE by the gNB, or shared by multiple UEs.  
The resources for data transmission are determined based on the used preamble sequence 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 5: The resources for data transmission are determined based on the used preamble sequence and possibly combined with a predefined rule.

The gNB 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 gNB 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 6: The response contains detection result for a single UE only and carried in the DCI.  

2.3
HARQ operation for UL grant-free transmission
The effectiveness and the efficiency of HARQ is also very important. It is critical to maximize the diversity for URLLC transmissions. With the low latency requirement, time diversity cannot be achieved; as a result, frequency and interferer diversity become even more important and can be achieved via frequency hopping. Finally, note that the TTI for URLLC may be very short and the transmission may be stretched in frequency to carry the same amount of information. Particularly for cases where the URLLC transmission spans a relatively large number of bits, the transmission may span a wide frequency range and the gains associated with frequency hopping may be diminished. In such cases, time hopping (e.g., variable time offsets between HARQ transmissions) may be sufficient to provide the desired interferer diversity gain.

Proposal 7: Grant-free URLLC should support HARQ transmissions that maximize frequency and/or interferer diversity. Frequency and/or time hopping between initial and subsequent re-transmissions, if needed, should be supported (one example is shown in Figure 5).
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Figure 5: 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- or time-hopped URLLC transmissions, this would require that the frequency and/or time offsets between HARQ transmissions be known to both the transmitter and receiver.

Proposal 8: 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 occur on dedicated URLLC resources to one UE or a group of URLLC UEs. In this way, there will be no intra-cell interference from other intra-cell URLLC users and/or other traffic, e.g. eMBB. Further, it may be necessary in some cases to protect transmissions from inter-cell interference, e.g. frequency reuse, fractional frequency reuse. 

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. 

It is important to note that, the typical HARQ scheme for SPS in LTE for VoIP relies on dynamic scheduling for the retransmissions, with the cost of the grant signaling. On the other side, synchronous non-adaptative retransmission has reduced signaling but can lead to more resource wasting in a loaded URLLC network, if the pre-configured retransmission resources can not be reallocated to a non-URLLC UE. Therefore, the semi-static configuration of retransmission resources shared by many users can be an option to improve resource effciency while reducing reschedule signaling. The retransmission on the configured semi-static resource can be based on feedback, that is, the UE should retransmit if its transmission is not acknowledged. In our previous contribution [7] we showed that the BS can coordinate the use of the pre-allocated resources for the group of UEs, achieving high reliability with low signaling and better resource efficiency than conventional SPS allocations. Another option is that the UE to perform blind retransmission/repetition on the pre-configured shared retransmission resource (e.g. in contiguous TTIs) especially considering the criticality of the message. In this case, each transmission is self-decodable and combining (Chase or incremental redundancy) is possible. Successive interference cancellation can be used to subtract from the shared resources most of the signals that are initially decoded, resolving the remaining transmissions with low delay penalty and better resource utilization. This requires a more advanced receiver, but is not affected by delay and reliability of feedback signaling.
Proposal 9: The retransmission on semi-static resource configured to one or more URLLC UEs can be feedback based or automatic retransmission.
3
Conclusions
In this contribution, we discussed the grant free UL transmission resource configuration, operation principle for contention based transmission and HARQ support. Based on the discussion we have the following observations and proposals: 

Proposal 1: Grant-free URLLC should support HARQ to achieve high levels of reliability.

Proposal 2: The semi-static grant free allocation of dedicated versus shared resources can be flexibly configured for initial transmission and retransmissions separately.
Observation 1: Proper configuration of the size of shared resources (for example based on the number of UEs, traffic pattern etc.) and the advanced UE receiver are important ways to achieve very strict reliability requirement when using shared resource for UL grant-free transmission. 

Observation 2: For URLLC grant-free UE identification, it might need to consider whether there should be a predefined miss detection requirement under a certain false alarm rate.

Observation 3: Using RS for UE identification might need large number of RS REs, which results in large overhead and correspondingly more latency for transmitting an incoming packet.

Proposal 3: 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 4: For URLLC grant-free, a preamble sequence could be exclusively allocated to a UE by the gNB, or shared by multiple UEs. 

Proposal 5: The resources for data transmission are determined based on the used preamble sequence and possibly combined with a predefined rule.
Proposal 6: The response contains detection result for a single UE only and carried in the DCI.  

Proposal 7: Grant-free URLLC should support HARQ transmissions that maximize frequency and/or interferer diversity. Frequency and/or time hopping between initial and subsequent re-transmissions, if needed, should be supported (one example is shown in Figure 5).

Proposal 8: Grant-free URLLC should support combining between HARQ transmissions.

Proposal 9: The retransmission on semi-static resource configured to one or more URLLC UEs can be feedback based or automatic retransmission.
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Appendix
Link level simulation assumptions:
	Parameters
	Values or assumptions

	Carrier Frequency
	2GHz

	Waveform
	OFDM

	System bandwidth
	10MHz

	Allocated PRB Number
	6

	Bandwidth Per PRB
	15 kHz * 12 = 180 kHz

	No. of allocated UEs
	10

	No. of active UEs
	2

	No. of RS REs
	72, 144

	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal SNR;

	Propagation Model and UE velocity
	EPA, ETU, 3km/h

	RS sequence
	Zad-off Chu

	Cyclic shift interval
	Equally distributed among UEs

	False alarm rate
	0.01, 0.001

	Frequency offset
	0.1 (kHz)

	Receiver
	Correlation based
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