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1
Introduction
During the LTE_HRLLC work item (WI) [1], solutions to support ultra reliable and low latency communication for LTE having diverse service requirements have been studied. The solutions that have been specified [2] include:

· Semi-static CFI configuration

· PDSCH repetition

· UL SPS repetition

· PDCP packet duplication
· Granular time reference provision. 

These solutions support configurable reliability and latency combinations and have been specified on top of the existing LTE air interface for Frame Structure type 1 (FS1) and Frame Structure type 2 (FS2), including various LTE TTI lengths (1ms, slot and subslot for FS1, 1ms and slot for FS2) as well as existing LTE latency reduction techniques. 
2
Description
An overview of the specified solutions is provided in the following.

2.1
Semi-static CFI
Control Format Indicator (CFI) indicates how many OFDM symbols are used for PDCCH. In most cases, CFI is obtained by decoding PCFICH. To ensure that PCFICH decoding does not degrade the overall downlink and uplink reliability, RRC configuration of CFI for any serving cell has been introduced in this work item. It is a separate CFI configuration for different TTI lengths. If CFI is semi-statically configured for TTIs of different lengths, the UE does not expect the configured CFI values to be different. The semi-static CFI value can be configured separately for MBSFN and non-MBSFN subframes for each cell. When a UE is configured with a semi-static CFI for a given TTI length, the UE is not expected to decode PCFICH for that TTI length.
2.2
PDSCH repetition
To improve the reliability of the DL data channel, PDSCH repetition can be configured to a UE for a given TTI length. If configured, the PDSCH DCI format 1A or 7-1x monitored by the UE on the user specific search space indicates K consecutive PDSCH transmissions with the same Resource Block (RB) allocation, Modulation and Coding Scheme (MCS) and HARQ process, where K takes a value in {1, 2, 3, 4 or 6}. Thus, the number of PDSCH transmissions for a given transport block is changed dynamically as shown in Figure 1. The HARQ-ACK feedback for the transport block is sent only once with the timing given by the Kth PDSCH transmission. Only the Redundancy Version (RV) can be different within the window of K transmissions, if configured accordingly. A maximum rank of 2 is supported with slot/subslot PDSCH repetition and DMRS sharing cannot be used with subslot PDSCH repetition.  
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Figure 1: Illustration of PDSCH repetition and dynamic signaling of the number of PDSCH transmissions (Note: the figure does not intend to capture the exact resource mapping of DCI and rate-matching rules of PDSCH)
As one method to increase the probability of successful decoding of the DL assignment, further DL assignments can be transmitted in the (s)TTIs following the (s)TTI where a DL assignment for K PDSCH transmissions has been transmitted. The specification clarifies the UE behaviour for this case. The UE discards any further DL assignment scrambled with C-RNTI in a (s)TTI where a PDSCH that is part of a window of K transmissions is being received.

The specification defines how subframes/slots/subslots are counted as part of the K PDSCH transmissions in case consecutive PDSCH transmissions are not possible. The specification also clarifies rate-matching rules around SPDCCH resources for the last K-1 slot/subslot PDSCH transmissions of a transmission window.
RRC configuration enables to set fixed values to some bits in the DCI, enabling thereby the possibility to reduce the false alarm probability.
2.3
UL SPS repetition
In addition to PDSCH repetition, the specifications support UL SPS repetition where K >1 UL transmissions of the same transport block can be configured as part of the SPS configuration for subframe/slot/subslot PUSCH. The number of UL transmissions, K, is to be chosen so that the aggregated time of K UL transmissions does not exceed the configured SPS periodicity, P. The initial transmission of the transport block can only occur on the first transmission occasion of the transmission window. This guarantees that K transmissions are performed for a given transport block. There is only one exception. In case a dynamic UL grant is sent for a PUSCH transmission in a subframe/slot/subslot where a SPS PUSCH transmission part of a repetition was prepared, the colliding PUSCH SPS transmission may be dropped. The exact dropping rules for such collision cases were defined following the principles applied for UL SPS without repetition. If dropped, only the colliding SPS PUSCH transmission is dropped, while the remaining PUSCH transmissions within the transmission window are performed.
[image: image2.emf]Window of K transmissions

(s)TTI n

n+1

n+2 n+3 n+4

n+5

n+6 n+7

SPS periodicity, P

Data arrives

UE can start 

transmitting


Figure 2: UL SPS repetition on one SPS configuration

In case of new data arrival, a UE has to wait for the next first (s)TTI of the transmission window before being able to transmit new data (as depicted in Figure 2). With a single UL SPS configuration, this induces a maximum delay of P (s)TTIs. To shorten this delay, the specifications allow multiple SPS configurations for the same TTI length to be activated on the same serving cell. By appropriate setting of P, K and the number of SPS configurations for a given TTI length, it is possible to reduce the maximum delay for the UE to be able to transmit UL data to 1 (s)TTI. Different HARQ processes are associated with different SPS configurations for a given (s)TTI length and the cyclic shift for the UL Demodulation Reference Signal (DMRS) can be configured independently for each SPS configuration.
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Figure 3: UL SPS repetition with two SPS configurations

2.4
PDCP packet duplication

In case of Carrier Aggregation (CA) or in case of Dual Connectivity (DC), PDCP packet duplication can be applied to improve the overall reliability for downlink and possibly for uplink depending on UE power limitation.  PDCP packet duplication is configured for a radio bearer by RRC where two logical channels are configured for the radio bearer. The two logical channels can either belong to the same MAC entity (CA case) or different MAC entities (DC case). When activated, PDCP packet duplication allows sending the same PDCP Protocol Data Unit (PDU) on two independent transmission paths: via the primary RLC entity and a secondary RLC entity, thereby increasing reliability.

PDCP packet duplication is supported in the following cases:

· for Signaling Radio Bearers (SRBs) using RLC AM 

· for Data Radio Bearers (DRBs) using RLC UM or AM 

For DRBs, PDCP packet duplication is first RRC configured and then activated and deactivated by a MAC CE. In addition, for DRBs, PDCP packet duplication can also be immediately activated upon configuration by RRC signaling. For SRBs, once duplication is configured, it is always activated. 

When PDCP packet duplication is activated, both the original logical channel and the duplicated logical channel are RRC configured with a cell restriction list. The data from one logical channel is not allowed to be sent on the cells in the cell restriction list. The cell restriction lists associated with the original and the duplicated logical channel are mutually-exclusive so that duplicates are sent on different cells. The restriction is lifted when PDCP packet duplication is deactivated.

At the receiver, PDCP enables reordering and duplication detection when PDCP packet duplication is configured. 

2.5
Granular time reference provision 
The specifications support granular time reference provision from the network to end user equipment. The time reference provided by the network to users has a granularity of 0.25 us and uses the GPS/UTC time format (like in SIB16).  In addition, an inaccuracy indication of the time reference is optionally sent. If the inaccuracy indication is absent, then the inaccuracy is not specified.  

The time reference can be broadcasted (via SIB16) and be unicasted (via dedicated RRC signaling). For broadcast solution, the time refers to the same reference point in SIB16, i.e., the system frame number (SFN) boundary at or immediately after the ending boundary of the system information (SI)-window in which SystemInformationBlockType16 is transmitted. For unicast solution, the time refers to the ending boundary of one system frame number whose value is indicated in the RRC message.
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