3GPP TSG RAN WG1 Meeting AH 1801

      R1-1800641
Vancouver, Canada, January 22nd – 26th, 2018

Agenda item:
    7.3.3.4
Source:


Institute for Information Industry (III)
Title:


Enhancement of URLLC UL Transmission without Grant
Document for:
Discussion and Decision

1.
Introduction

The following agreements have been reached in RAN1 NR Ad-Hoc#2 [1].
Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.

· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).

· WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.

· NR supports more than 1 HARQ process for UL transmission without grant

Agreements:
· The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to UL transmission with and without UL grant
· For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· A UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without UL grant.

Agreements:
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
Agreements:
· Type of UL data transmission without grant

· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 

· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant

· Note: functionality of modification is achieved the L1 signalling by activation

· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation

· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 

· FFS the reliability issues for L1 signalling.

· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following

· Periodicity and offset of a resource with respect to SFN=0 

· Time domain resource allocation 

· Frequency domain resource allocation 

· UE-specific DMRS configuration

· Note: 

· one TB is mapped to a resource at least consisting of time/frequency-domain resource

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· An MCS/TBS value

· Number of repetitions K

· Power control related parameters

· FFS HARQ related parameters

· FFS if multiple resources can be configured

· For Type 2 UL transmission without UL grant

· The RRC (re-) configuration for resource and parameters includes at least the following

· Periodicity of a resource

· Power control related parameters

· At least the following additional parameters for the resource are given by L1 signalling

· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation

· FFS: the timing reference 

· Time domain resource allocation 

· Frequency domain resource allocation 

· UE-specific DMRS configuration

· An MCS/TBS value

· Note: 

· one TB is mapped to one resource 

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· FFS multiple resources can be configured

· FFS HARQ related parameters

· FFS whether number of repetitions K is configured by RRC signalling and/or indicated by L1 signalling
In RAN1#91 [2], the following agreement and working assumption have also been made.
Agreements:

· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 

Agreements:
· For UL transmission without UL grant,
· The n-th transmission occasion of a K repetitions is associated with the (mod(n-1,4)+1)-th value in the configured RV sequence {RV1, RV2, RV3, RV4}, where n=1, 2, …, K.
· For RV sequence {0, 2, 3, 1},
· The initial transmission of a TB shall start at the first transmission occasion of the K repetitions.
· For RV sequence {0, 3, 0, 3},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.
· (working assumption) For RV sequence {0, 0, 0, 0},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions when K=1, 2 or 4;
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions, except the last transmission occasion when K=8.
· For any RV sequence, repetition end at the last transmission occasion within the period P.
· Note: The transmission occasion (TO) refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period.
· FFS: interaction with SFI
In this contribution, we discuss possible enhancements in UL transmissions without grant. The goal is to realize resource efficient and high reliable UL transmission for URLLC.
2.
Issue Discussion 
In these agreements and working assumptions, when RRC configuration is applied for UL data transmission without grant (Type 1 and Type 2), at least time/frequency resources, MCS/TBS, repetitions K, starting/offset time of transmission occasions, and the time domain period P for performing repetitions K are configured through RRC. This RRC configuration may be valid for a certain duration, unless the following events occurs: (a) the configuration duration is expired, (b) new RRC configuration has been signaled to a UE, or (c) a deactivation signal has been sent (for Type 2). To determine appropriate UE-specific transmission parameters for UL transmission without grant, the balance between reliability, latency and spectrum efficiency should be achieved. For this purpose, the transmission parameter configuration should be determined according to the present channel condition. However, since RRC signaling involves operations in different layers, it is not desired to update RRC configuration frequently to avoid potential signaling overheads. Thus, the reliability and latency performance could be achieved in a long-term sense in the present Type 1 and Type 2 configuration schemes, unless the most conservative MTC/TBS, repetition K, and the amount of resources are always configured.    

However, when a UE moves from the environment with strong signal strength to that suffering from potentially weak signal strength, the channel quality may degrade for a long time unless the UE moves out. If a UE does not have traffic to be uploaded, there is no harm of such long-term channel quality degradation. However, if a UE does have traffic to be sent, the RRC configured transmission parameters could not be able to fully satisfy the performance requirements of UL URLLC transmissions (e.g., the configured number of repetitions K or the amount of time/frequency resources is not sufficient to achieve the required transmission reliability). Due to the sporadic nature of URLLC traffic and grant-free transmission scheme, a gNB may not know when a UE may upload data on the configured time-frequency resources. In addition, a gNB may barely know the UL channel quality of a UE. As a result, the present configured transmission parameters may not be changed.         
Observation 1. When RRC configuration is applied for UL data transmission without grant, if a UE suffers from continuous channel condition degradation for a long time, the configured transmission parameters may not be changed.
To address this issue, a gNB may need to capture the UL channel quality of a UE (with UL data transmission without grant), even this UE does not have traffic to be sent at this moment. Two schemes can be applied:

· Implicit signaling: When UE-specific RRC configuration has been performed on a UE, a UE may transmit UL reference signals on the configured resources or other sets of allocated resources, even a UE does not have traffic to be sent at this moment. With these UL reference signals, a gNB is able to capture the UL channel quality of a UE, and a gNB may update the transmission parameters through Type 1 or Type 2 if a UE truly suffers from continuous channel quality degradation.

· Explicit signaling: When UE-specific RRC configuration has been performed on a UE, a UE may monitor DL reference signals no matter it has traffic to be sent or not at this moment. If a UE identifies a continuous channel quality degradation at the DL channel, it is likely that the UL channel also suffers from continuous channel quality degradation. In this case, a UE may send a message to a gNB through PRACH, configured resources, or other sets of allocated resources, to inform a gNB. A gNB can determine whether to update the transmission parameters (Type 1 or Type 2) or not based on this message.        

Proposal 1. Implicit signaling and explicit signaling should be taken into consideration when Type 1 or Type 2 UL data transmission without grant is applied.
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 SR in URLLC is generally shorter. 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 and 4 multiplexed ZC sequences could not meet the 10^(-5) reliability requirement in URLLC transmission. As for data part, upon completion of UL SR transmission and the associated uplink grant signalling, time left for reliable transmission is limited. It’s worth noting that from application point of view, 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 guaranteed as grant-based scheme. In addition, DMRS imposes overhead if URLLC data is sent over mini slots. 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, and at the same time 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. The periodicity of SR and UL grant-free resource configured by gNB can be the same albeit the starting position is interleaved using a suitable offset value. Based on this structure, reliable UE detection as a result of exclusive SR resource as well as low latency grant-free transmission can be achieved at the same time. On the other hands, more repetitions is available for reliable transmission. 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 using SR or grant-free resource for initial transmission. 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 when uplink traffic arrives. Other uplink control message to notify gNB for resource reconfiguration request based on UE’s traffic type or instant channel condition can also be carried on DMRS if the function of UE detection is taken over by SR.  
For Type 2 uplink grant-free transmission, uplink grant-free resource is only available after it has been activated by DCI. Unless the traffic pattern is periodic, gNB cannot predict the URLLC traffic arrival time and therefore has no idea when to activate grant-free resource via DCI. With the addition of SR resource prior to the uplink grant-free resource, UE can trigger gNB to perform DCI activation of 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 same time enhances UE detection reliability. 
Proposal 2: NR should support SR-lead Type 1 and Type2 UL transmission with proposed operating procedure for URLLC.  

3. Conclusion
In summary, in the contribution, the following proposals and observations UL data transmission without grant are provided. 
Observation 1. When RRC configuration is applied for UL data transmission without grant, if a UE suffers from continuous channel condition degradation for a long time, the configured transmission parameters may not be changed.
Proposal 1. Implicit signaling and explicit signaling should be taken into consideration when Type 1 or Type 2 UL data transmission without grant is applied.
Proposal 2. NR should support SR-lead Type 1 and Type2 UL transmission with proposed operating procedure for URLLC.  
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