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1. Introduction
In this contribution, we discuss transmission (with/without grants) enhancements and the related procedures to improve latency and reliability of URLLC in (at least) uplink using the agreed upon mechanism: K repetitions. The discussion introduces time as well as frequency resource allocation supporting repetition of an initial grant-free (GF), grant-based (GB), or SPS transmission. Additionally, we show the limitations of repeating transmission in time-domain only compared to an alternative repetition in frequency or a compromise solution in both time and frequency. Even though our text is giving more attention to GF transmission, the same discussion can be mapped similarly to GB/SPS transmission with K-repetition.
As a background for the discussion, the following agreements are made in the RAN1 and RAN2 meetings:
	RAN1 #AH_NR3:
Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE
· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission
· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017  -- now should be scaled as agreed in RAN1 #90)
RAN2 #99bis meeting, can be interpreted for K-repetition transmission as well as its HARQ:
Agreements:
· For SPS, as in LTE-SPS, retransmissions for SPS transmission are based an uplink grant/DL assignments received on SPS C-RNTI.  SPS C-RNTI is configuration is provided by RRC signalling.
· For SPS, MAC CE is used for confirmation of UL activation/deactivation.  

      For both Type1 GF and SPS:
· FFS - A time T is started after an UL transmission on a HARQ process is configured to wait.   FFS whether the UL Transmission is considered as  ACK or NACK after expiry.  
· FFS – HARQ ID calculation 


RAN2 #99 meeting, can be also interpreted for K-repetition transmission as well as its HARQ:
Agreements:
· As in LTE SPS UL, retransmission for SPS UL transmission are based only on UL dynamic grant





Based on these agreements, we provide solutions on some issues on GF/GB/SPS supporting URLLC service for “at least” uplink transmission. The discussion introduces a resource allocation scheme for K-repetition in frequency, (the agreed upon mechanism) time, or both.


2. Discussion
In this contribution, we discuss the K-repetition in time as well as our proposed mechanism of repetition in frequency. This utilizes the concept agreed upon in the previous meetings that GF (without precluding GB, for at least uplink) transmission can be autonomously repeated K times. In this case, K is configured by RRC or L1-signaling based on the GF Type (i.e., type 1 and type 2 (SPS), respectively). Hence, the repetition can take place in time-frequency resources configured by L1-signaling (Type 2/SPS/GB) in the same or different component carriers (CC) or via RRC across different cells/CCs (Type 1).
In the previous meetings, only repetition in time is conceptually understood. This might be the case since it has less impact on configuring multiple transmissions at the same time. However, one can easily show that repetition in time only may lead to:
· a latency linear to the value of K in harsh channel conditions
· inefficient resource utilization for multiple UEs in time as well as in frequency
· confusion/collision between repetition, new-transmission, and/or retransmission for “at least” UEs with multiple use-cases.
Therefore, we propose in this document repetition in frequency either together or without repetition in time. This could be possible if we agree on defining the same HARQ-ID for transmission blocks repeated in frequency similar to time-only repetition. The different redundancy versions (RV) for these repeated blocks in frequency or time can be indicated in the PUSCH/PUCCH. Accordingly, the MCS and TBS can be configured based on the UE power profile and channel conditions. Determining the value of K and the repetition pattern of initial and RVs need to be studied further. 
In order to further reduce latency, simultaneous repetition in frequency (in the same or across different component carriers (CCs) and/or cells) shall be introduced. This will also enhance reliability via utilizing frequency diversity. However, this still requires agreement to identify the HARQ-ID for repeated transmission at different frequencies (at the same time).
As a compromise, repetition across different frequency resources (in the same or different CCs or cells) together with the conceptual repetition in time shall be introduced. This, as can be seen in the results, will reduce latency compared to time-only repetition. Additionally, it will better utilize time-frequency diversity for enhanced reliability in varying channel conditions. Selecting time-frequency resources can be performed autonomous or in an optimized fashion; this is left to the gNB/UE implementation.
  

2.1 K-Repetition in Time Resources Only
As could be seen in Fig. 1, the repetition in time-domain only may produce unwanted latency (almost linear to K for harsh channel conditions), make it difficult for multiple UE scheduling (or more collision for GF transmission), and/or collision between different transmission in case of larger value of K.

Observation 1: The time domain only resource allocation for K-Repetition for an initial transmission will produce latency almost linear to K, inefficient resource utilization for multiple UEs, and/or collision between long repetition and new/re-transmission.
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Figure 1: Agreed upon K-repetition for GF/GB/SPS transmission showing the drawbacks of this concept

2.2 K-Repetition in Time-Frequency Resources
As stated in the discussion section, we propose Frequency repetition as well as time repetition by configuring time-frequency resources via L1-signaling and/or autonomously. We also suggest considering different frequency resources in the same CC or across different CCs in same cell or different cells. Accordingly, the resource allocation in this case can be optimized (left to the gNB/UE implementation) or selected autonomously.
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[bookmark: _GoBack]Figure 2: Proposed parallel frequency repetition as well as time repetition for different (not necessarily coexisting simultaneously) RVs configurations
Observation 2: Exploiting the K-repetitions in frequency domain shall reduce the latency compared to time-domain only repetition and will enhance reliability utilizing frequency diversity

Observation 3: Performing the K repetition in frequency domain may reduce the spectral efficiency; however, this can be optimized still via gNB/UE implementation

Observation 4: Performing the K repetition in time-frequency shall reduce latency and will better utilize time-frequency diversity for enhanced reliability.

Proposal 1: Requirement for a support on allowing frequency-domain resource-allocation for K repetitions for the initial transmission. 

Proposal 2: The K-repetitions in frequency domain can consider the K repetitions in the same carrier bands or across different component carriers/cells 

Proposal 3: An agreement for identifying the HARQ-ID of the repeated transmissions at different frequencies (at the same time) is required.

Proposal 4: A support for hybrid time and frequency resource allocation for K-repetitions is required.

2.3 Simulation Results
In this contribution, we support our proposal with system-level simulation results assuming 7-OS mini-slot transmission, NR reference numerologies of [15, 30, 60] kHz, FTP3 traffic model with fixed file sizes and fixed MCS. More simulation parameters can be seen in Table 1 – Appendix-I. 
In our simulation, end-to-end latency represents the total time needed to transmit a packet generated at the UE and receive a successful ACK from the gNB.

Figure 3 shows the end-to-end latency for a K-repetition in time-domain only. Form these results; we can conclude that repetition in time reduces the number of UEs enjoying the minimum latency as K increases. However, the maximum latency is still decreasing for all UEs for larger K. In our simulation we assume RV sequence {0, 2, 3, 1}, if K is up to 3, for better reliability performance.
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Figure 3: Time-domain (only) K-repetition for an initial transmission in UL, where K = 0, 1, 2, and 3

Figure 4 depicts the enhancements of the end-to-end latency when repetition takes place in frequency domain only. From the results, one can show that latency is directly reduced by increasing K. This yields that 99.99% of the UEs are below 2ms E2E-latency for the selected traffic model with 7OS symbols mini-slots.
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Figure 4: Frequency-domain (only) K-repetitions for an initial transmission in UL, where K = 0, 1, 2, and 3

Figure 5 shows a comparison between the proposed frequency repetition, the agreed upon time repetition, and the proposed time-frequency repetition of an initial transmission. Herewith, the compromise proposal shows a significant latency reduction compared to any of the implemented time-domain repetitions. 
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Figure 5: Comparing Frequency, time, and time-frequency 3-repetitions for an initial transmission in UL

Finally, Fig. 6 shows the end-to-end latency performance for the proposed compromise time-frequency repetition of 3 RVs plus the initial transmission for different subcarrier spacing (SCS) numerologies, i.e., 15, 30, and 60 kHz, for the same traffic conditions. For 60 kHz SCS and 7OS mini-slot, the end-to-end latency of a 32 bytes file size is less than 0.5ms for 76% of the UE and 99.99% of the UEs are enjoying E2E latency less than 1ms.
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Figure 6: End-to-end latency for 15, 30, and 60 kHz using the proposed time-frequency repetition

3. Conclusion

Observation 1: The time domain only resource allocation for K-Repetition for an initial transmission will produce latency almost linear to K, inefficient resource utilization for multiple UEs, and/or collision between long repetition and new/re-transmission.

Observation 2: Exploiting the K-repetitions in frequency domain shall reduce the latency compared to time-domain only repetition and will enhance reliability utilizing frequency diversity

Observation 3: Performing the K repetition in frequency domain may reduce the spectral efficiency; however, this can be optimized still via gNB/UE implementation

Observation 4: Performing the K repetition in time-frequency shall reduce latency and will better utilize time-frequency diversity for enhanced reliability.

Proposal 1: Requirement for a support on allowing frequency-domain resource-allocation for K repetitions for the initial transmission. 

Proposal 2: The K-repetitions in frequency domain can consider the K repetitions in the same carrier bands or across different component carriers/cells 

Proposal 3: An agreement for identifying the HARQ-ID of the repeated transmissions at different frequencies (at the same time) is required.

Proposal 4: A support for hybrid time and frequency resource allocation for K-repetitions is required.
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Appendix-I
System level simulation assumptions:
· 19 gNB sectors with one gNB of interest and multiple access interference is considered.

Table 1:  SLS Simulation Parameters
	Attributes
	Values or assumptions

	Layout
	Urban Macro: 
- Hex. Grid, 19 cells (sector topology)
- One cell of interest and the rest are generating interfering traffic; 
- 500m ISD

	Simulation time
	2000 ms into 100 realizations

	Number of UEs
	20 UEs per sector->cell

	Carrier Frequency
	2.53 GHz

	Duplexing Mode
	FDD

	System BW
	20, 40, 60, 80 MHz

	Number of RBs in total
	100 RBs (15 KHz SCS reference numerology)

	Sub-carrier spacing
	15, 30, 60 kHz reference numerology

	SLOT length
	0. 5 ms (15 KHz SCS)

	MCS
	Fixed to MCS 7 in LTE

	OFDM symbols per SLOT
	14 Symbols (NCP)

	Channel model
	3D-UMa; user speed = 3km/h  (Following TR 36.873 using QuaDRiGa v1.4.8)

	UE TX power
	23 dBm

	OL Power Control
	No power control

	BS Receiver Noise Figure
	5dB

	PHY Packet size
	32 bytes

	BS Antenna Configuration
	2 Rx 

	BS Antenna height
	32m

	BS Antenna Pattern
	Following TR 36.873

	BS Antenna Gain + Connector Loss
	Following TR 38.802

	UE Antenna Configuration
	1 Tx

	BS Antenna height
	1.5m

	UL Tx mode
	SIMO

	Traffic Model
	FTP3 (mean: 2 pkts every slot)

	RB Allocation
	Repetition in Time and Frequency

	UL Scheduler at BS (for grant-based)
	Round-Robin transmission with best effort

	ACK Feedback assumption
	Single bit

	Channel estimation
	Ideal

	RBG 
	4 RBs (for 15/30/60 kHz SCS)

	Wave-form
	OFDM-based
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