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Introduction
3GPP RAN1 has made quite some progress on the configuration types for grant free (GF) UL transmissions. In this contribution, the discussion is related to following two aspects of grant free UL transmission.
1. Multiple resource assignment for UEs
2. How to get common understanding of HARQ RV for Grant-Free UL without explicit information exchange between the UEs and the gNB.

For the multiple resource assignment, following agreements were made in AH2 meeting where multiple resource assignment appears as FFS.
	RAN1 #NR-AH2(June 2017)
· 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 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).
· NR supports more than 1 HARQ process for UL transmission without grant
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 



Following agreements were obtained to determine redundancy version (RV) for grant free UL transmissions.
R1#90 (August 2017) Agreements:
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
· For Type 1:
· Option 1: Fixed to
· 1-1: a single value
· 1-2: a RV pattern  
· Option 2: RRC configured
· 2-1: a single value
· 2-2: a RV pattern  
· For Type 2:
· Option 1: Same as Type 1
· Option 2: Based on the L1 signalling

In section 2, this document proposes to allocate multiple resources to each GF UE and how these UEs will use these resources. In section 3, it is proposed to use a fixed RV sequence for GF transmissions and association of RVs to GF occasions. 
Resource allocation for Grant Free Uplink Users
A. Pre-reserved resource assignment for grant free UL transmissions

Issue with allocation of a single UE per resource chunk for grant free UL transmission 

Taking into account that the SPS are assigned in a periodical manner while the traffic for grant free UL Tx UEs is generally not periodical, it appears that assigning a single UE per pre-allocated resources would constitute a vast capacity loss due to unused resources and would drastically limit the number of grant-free UEs which can be served per cell and per unit of time.
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Figure 1 - Conventional resource allocation for grant free UL, single UE per resource chunk, GF opportunity every 2 slots, K =3
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Figure 2 - Conventional resource allocation for grant free UL, single UE per resource chunk with frequency hopping, GF opportunity every 2 slots, K=3

Figure 1 and Figure 2 show a case where 3 different chunks of resources are assigned for grant free UL respectively without and with frequency hopping, each of them assigned to a dedicated UE. A UE who has been assigned a chunk can freely perform up to K transmissions corresponding to an initial transmission and K-1 re-transmission, potentially with different RV’s.  In order to support the stringent latency requirement of UrLLC, gNB must allocate periodic resource with rather small periodicity, but on the other side UrLLC UE transmissions are infrequent, and in general not periodic. This leads to significant amount of unused resource per each allocated UE which can’t be re-used by the others. 
As a consequence, a significant amount of resource pre-allocated to each UE. In addition the waisted resource by all UEs add up and this approach doesn’t scale well at all with increasing number of grant-free UE’s.  
Issue with allocating several UEs in a single resource chunk 

In order to limit the resource wasting, a solution is to assign multiple UE’s per pre-reserved chunk of resource. By doing this the amount of unused resource is reduced at the cost of inter UE collisions. 
Collision cases has to be handled carefully, as if 2 transmissions from different UEs collide and the collision prevent any of the payloads to be decoded, this creates room for continuous collision (deadlock). 
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 Figure 3 – Multi UEs allocation per resource chunk

Figure 3 illustrates such as case, where UE1 and UE3 are allocated to Chunk1, following the collisions over the K first retransmissions, the UEs both attempt to reTx immediately hence creating again a collision. 

If several UEs are assigned to a resource chunk, there is a certain collision likelihood which drastically increases with the number of UEs and with their activity duty cycle. In addition, there is a risk of repetitive collision consecutive to the initial collision. This would harm both reliability and latency of grant free UL Tx UEs which is a serious flaw for UrLLC UEs.     

In the context of multiple UEs assigned to a single resspource chunk, this issue can be partially mitigated in randomizing the retransmission in time to minimize collision risks for next Tx attempt. However, traffic latency would still be harmed . It must be noted though that with this mitigation method, extra latency would harm any retransmitting UE, even in absence of collision (e.g. retransmission due to bad radio conditions). Therefore it doesn’t fit with UrLLC requirements.



New allocation scheme, multiple UE allocation onto multiple resource chunks.

As a summary on the above allocation modes,

Allocation mode 1: single UE allocated to each resource Chunk
· Latency requirements impose to have resource frequently allocated 
· Frequent resource assignment for infrequent UE transmissions 
-> Impact on cell capacity for grant free UL

Allocation mode 2: multiple UE’s allocated to a single resource Chunk 
· Enhanced resource usage
· Collision risks 
-> impact on grant free UL reliability and latency


As a solution to fix the inherent bottlenecks detailed above, a new allocation mode is proposed where multiple UEs are allocated to a common set of resource chunks. UE shall select resources for their GF transmission within this common set Main advantage of this new allocation mode is additional flexibility for UE GF transmission coupled to lower percentage of unused resource.

Proposal 1: Allocate several UEs to a set of common resource chunks.

It must be noted that pre-reserved ressource can be assigned on a slot basis or on or a mini-slot basis, in the first case the different chunks are advantageously separated in frequency dimension to provide resource selection flexibility in frequency and hence limit the latency impact, in the second case both frequency and time separation can be used as can both satisfy UrLLC latency requirements.   

Proposal 2: A set of resource commonly assigned to a set of UEs contains at least simultaneous resources mapped on different frequency regions.


B. Resource selection policies for grant free UL transmissions

Proposed allocation method 3 provides more flexibility and better resource usage than modes 1 & 2. Coupled to  a simple resource selection rules including some random component, it allows UE’s to select the transmission chunk to be used at next GF opportunity. UE shall be identified by the gNB based on its RS (as currently agreed).

Collision risks still exist, but the major interests of this solution are that:
- it suppresses the risk of continuous collision between 2 UEs along their respective Tx repetitions. 
- randomization of GF opportunity selection can be performed by the UE in in frequency dimension which has the very desirable effect of minimizing latency impacts. Latency being a key KpI for GF Tx.
- In addition to the preferred frequency domain randomization, time domain randomization is also possible as a complementary degree of freedom if certain classes of UEs can accept the corresponding latency penalty. 

Each UE can then select randomly or partially randomly based on some pre-defined RRC policies the resource for its initial transmission and for potential retransmissions within the set of resource chunks configured by gNB. For retransmissions, different classes of UEs depending on their latency requirements can be defined so that they privilege frequency or time in their randomization scheme.
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Figure 4 – Multi UEs allocation to a set of common resource chunks


Figure 4 illustrates allocation mode 3 with 3 resource chunks allocated to 5 UEs (K=3). A first collision occurs between UE1 and UE3 which is resolved with minimal latency impact thanks to frequency based randomization of the re-transmission. A second collision occurs between UE3 and UE5 which is resolved in time and frequency domain, UE5 hence experiencing a higher latency penalty than UE3 in the resolution process.    

Design of efficient randomization patterns with controlled fairness is much easier if the resource chunks are of the same size, it is hence proposed that the different resource chunks allocated to a set of UEs preferably have the same TBS size. If chunk size restriction to a unique value can’t be applied for any reason, resource chunks are categorized w.r.t. their sizes and UEs can apply randomization on the set of chunks compatible with their upcoming payload size.  


Proposal 3: UEs select randomly, using uniform random drawing, the GF transmit opportunity they shall use for their upcoming GF transmission within the set of pre-reserved chunks of resource assigned to them.

Proposal 4: Define classes of UEs where low latency UEs retransmissions are preferably randomized in frequency dimension while others are preferably randomized in time dimension

Proposal 5: If RRC configures several TBS within the set of resource chunks, UEs performs randomization over the subset of Chunks having a configuration compliant with their upcoming payload sizes.
   

Handling HARQ Redundancy Version (RV)
For UL transmission without grant, a set of resources are pre-allocated to the terminal for a certain period and the UE can start its transmission without waiting for the downlink scheduling message. When a user does not have relevant data in its buffer, it would not transmit anything on its pre-assigned UL grant free time frequency resource (explicitly agreed in 3gpp). There is common understanding that multiple UEs would be sharing the grant free resource. So, in case of multiple UEs sharing the same time frequency resource and the UL transmission skipping possibility, gNB needs to identify the user who transmits data in a certain grant free resource, among the set of users to whom this resource was allocated. As 3GPP has accepted up to K repetitions of the same transport block with same or different redundancy versions (RVs), gNB needs to know precisely the RV of the received transmission to be able to combine these versions properly when different versions are sent.
If conventionally RVs of K transmissions are associated to UL grant free occasions, and the sequence of RVs is a fixed sequence consisting of 3 versions RV0, RV1 and RV2, the transmission of K=3 would look like as shown in the following figure. Here it is assumed that the grant free occasion module 3 would dictate when UE can transmit. This example shows that grant free (GF) resource has been configured in each slot and each slot has a GF transmission occasion. Then transmission must start from RV0 which can be transmitted in slots numbered 0, 3, 9 and so on. 
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[bookmark: _Ref492912898]Figure 5: RV association to GF occasion 

In Figure 5, UE receives data from upper layers before slot 0 with some margin to be able to encode etc, and it starts transmitting RV0 in slot 0. Here latency is minimal.

[image: ]
[bookmark: _Ref489967398]Figure 6: RV association to FG Occasion – Problem with conventional approach


If data trigger from higher layers arrives a bit later somewhere in slot 0 for example, as shown in Figure 6, UE has to wait next module K occasion to be able to start transmitting. With the settings taken here, UE has to wait more than 2 full slots to be able to start with RV0 in slot#3. 
This limitation can be overcome by keeping the same RV sequence and the same mapping of RVs to resources but allowing the UE to transmit at any GF occasion with the corresponding RV and then continue with the full RV sequence in a circular buffer fashion. An example is shown in Figure 7: Proposal for RV association to GF transmission occasions.
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[bookmark: _Ref489967665]Figure 7: Proposal for RV association to GF transmission occasions

When GF UL is configured with K repetitions, a UE can start at any occasion and then sequentially cycles through the repetitions. GF Transmission occasions (within a slot, or sub-frame or even longer interval T) can be implicitly assigned a number. When UE has to transmit a packet in occasion number N, it may transmit an RV version which corresponds to the index through the following:
index = N%K
Thus, the first transmission from the UE would be for the RV which corresponds to first available resource, and the upcoming K-1 transmissions would follow the RV_Sequence in a circular manner.
Proposal 6: For the original UL grant free transmission (K repetitions), the RV information can be made available at the gNB implicitly by associating the RV to the UL grant free occasion (time-freq etc). To overcome latency required to wait for the occasion associated to first RV_Sequence entry, RV sequence used is a fixed sequence but a user starts transmitting with the first available GF occasion with its associated RV (even if it’s not the first entry of the RV sequence) and then transmits K-1 repetitions cycling through the RV sequence.
For the re-transmission of UL grant free transmission, same RV sequence can be re-used as of the original transmission. 
Conclusion
In this contribution, the discussion is related to following two aspects of grant free UL transmission.
1. Multiple resource assignment for UEs
2. How to get common understanding of HARQ RV for Grant-Free UL without explicit information exchange between the UEs and the gNB.

Following proposals are made in this contribution: 

Proposal 1: Allocate several UEs to a set of common resource chunks.
Proposal 2: A set of resource commonly assigned to a set of UEs contains at least simultaneous resources mapped on different frequency regions.
Proposal 3: UEs select randomly, using uniform random drawing, the GF transmit opportunity they shall use for their upcoming GF transmission within the set of pre-reserved chunks of resource assigned to them.
Proposal 4: Define classes of UEs where low latency UEs retransmissions are preferably randomized in frequency dimension while others are preferably randomized in time dimension
Proposal 5: If RRC configures several TBS within the set of resource chunks, UEs performs randomization over the subset of Chunks having a configuration compliant with their upcoming payload sizes.
Proposal 6: For the original UL grant free transmission (K repetitions), the RV information can be made available at the gNB implicitly by associating the RV to the UL grant free occasion (time-freq etc). To overcome latency required to wait for the occasion associated to first RV_Sequence entry, RV sequence used is a fixed sequence but a user starts transmitting with the first available GF occasion with its associated RV (even if it’s not the first entry of the RV sequence) and then transmits K-1 repetitions cycling through the RV sequence.

Reference 
[1]  3GPP RAN1#90, Chairman’s note.
[2] 3GPP RAN1#AH2, Chairman’s note.

4

9
3GPP
image2.png
Pre reserved resource for grant free UL transmissions

Frequency

¢—14 symbol slots—>

UE2 UE3

UEL

Chunk2  Chunk3

Chunk 1




image3.png
Pre-reserved resource for grant free UL transmissions

Frequency

UE2  UE3

UEL

Chunk2  Chunk3

Chunk 1




image4.png
Pre reserved resource for grant free UL transmissions

Frequency.

UE2  UE3 VB4 UES

UEL

Chunk 3

Chunk2

Chunk 1




image5.png
Frequency

RVO RV1 RV2
I:I UL T-F Grid

I Grant Free UL Resource

K>
Slot 0 Slot 1 Slot 2 < Slot 3 > Slot 4 >< Slot 5

UE|Data Trigger





image6.png
Frequency

RVO RV1 RV2

D UL T-F Grid

I Grant Free UL Resource

Latency

UE Data Trigger Time




image7.png
Frequency

RVO RV1 RV2

I:I UL T-F Grid

I Grant Free UL Resource

UE Data Trigger .
Time




image1.png
Pre-reserved resource for grant free UL transmissions

Frequency

¢—14 symbol slots—>

UE2 UE3

UEL

Chunk2  Chunk3

Chunk 1




