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1 Introduction

Compared with HARQ based retransmission, DL automatic repetition can achieve a better reliability within the same given latency but worse resource usage efficiency. In this contribution, a number of enhancements for DL automatic repetition are proposed in both aspects of latency and resource efficiency. 
2 Discussion
DL automatic repetition is also known as HARQ less retransmission and the gNB automatically retransmits a number of times with no HARQ feedback required from the UE. According to the NR specification, the number of repetitions is upper layer configurable. 
 “When the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer.” (Section 5.1.2.1 of 3GPP TS 38.214-f20)
Since the parameter, aggregationFactorDL, is upper layer configured, it is impossible to support different number of repetitions dynamically. For instance, when the channel quality is different or the available resources are different, the same number of repetitions still has to be used until it is reconfigured. More specifically, it is impossible to support a combination of HARQ based retransmission and automatic repetition.  As illustrated in Figure 1, the initial transmission can use HARQ based retransmission for a better efficiency and if NACK is received, the gNB can switch to automatic repetition for a better reliability in a short time. Obviously such combination provides the flexibility for the gNB to balance between efficiency and reliability. 
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Figure 1 Combination of HARQ based retransmission and automatic repetition
To support such combination, one straightforward way is to include the parameter in DCI rather than in an upper layer message so that the gNB can control the number of repetitions, including single transmission. Actually this option is already supported by LTE URLLC, and LTE DCI format 7-1A includes a 2-bit repetition number parameter which indicates the number of transmissions for PDSCH from set {1, 2, 3, a configurable number}. 
Proposal 1: it is proposed to include the same DCI parameter, repetition number, as in LTE URLLC for NR DL automatic repetition. 

PDCCH repetition is considered for DCI enhancement which is one objective of the newly approved URLLC SI for Rel-16 [1]. An example is illustrated in Figure 2 with PDSCH repetition and PDCCH repetition used together. PDSCH repetition has totally 5 transmissions while DCI repetition has totally 2 transmissions. The value of the repetition number in the first DCI is 5 and accordingly, its value shall be 4 in the second DCI but 4 is not in the list of numbers of PDSCH repetitions so it cannot be indicated. To solve the problem, the list must be extended and it shall include each value between the minimum and the maximum. Obviously more than 2 bits in DCI will be required.  
For the same example, if the first DCI is lost but the second one is received, the UE doesn’t know if there is an old transmission and as a result, the old transmission cannot be used in the soft combining to improve the reliability and to reduce the latency. This problem occurs even if the repetition number can be indicated in the second DCI with an extended list. Significant benefits are expected by letting the UE know if there are previous transmissions that can be used in the soft combining. To solve this, it can be considered to include a DCI repetition index in the DCI, for instance, 0, 1 or 2 can be indicated in the first, second or third DCI respectively. So if the repetition index received is 1, the UE knows there is one old transmission in the last TTI which can be used in the soft combining. 
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Figure 2 PDSCH repetition with DCI repetition

Additionally it can help to avoid extending the list mentioned above and in this example, the gNB always includes the same value of repetition number in all DCIs, and the UE can calculate the actual remaining number of transmission from both parameters, i.e., the repetition index (for DCI) and the repetition number (for PDSCH), for instance, in the second DCI, the UE knows the repetition index is 1 and the repetition number is 5 as configured so the number of remaining repetitions is 4 (= 5 -1). 
In short, another parameter of repetition index in DCI can enable soft combining of PDSCH with lost DCI, both reliability and latency can be improved significantly and what is more, to support dynamic PDSCH repetition, it can help to reduce the standardization effort by reusing the existing LTE URLLC parameter of repetition number.  

Proposal 2: it is proposed to include a DCI parameter, repetition index, if DCI repetition is supported. 

To support URLLC, the overall reliability of both DCI and PDSCH need to be not higher than 10-5 (or even 10-6 for some services) with repetitions considered, and considering single DCI is more robust than single PDSCH, the number of repetitions of DCI is normally less than that of PDSCH. Another example is illustrated in Figure 3, DCI is not repeated and PDSCH is repeated 3 times in total. When channel quality is not good, a wideband resource will be used by both DCI and PDSCH. Since all 3 PDSCH transmissions are scheduled by the same DCI, they all have the same time domain resource allocation in each TTI (frequency hopping is not precluded for inter transmissions). The symbol originally used by DCI in the first TTI cannot be assigned to PDSCH in all other TTIs. Gaps in these TTIs increase the overall latency. 
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Figure 3 PDSCH repetitions with DCI symbol gaps

It is proposed to support a flexible time domain resource allocation so that these gaps can be allocated to PDSCH. Without gaps, the total transmission latency can be reduced. One option is to extend the PDSCH to the DCI symbol when there is no DCI according to a configuration and another option is to extend the “time domain resource assignment” field in the DCI so that it can indicate at least 2 different types of time domain resources assignments, one type for TTIs with DCI and the other for TTIs without DCI. 
Proposal 3: it is proposed to support at least 2 different time domain resource assignments for PDSCH repetition. 

Finally, there are also scenarios where one-shot transmission is the only or the desirable way to schedule the URLLC DL of a user as explained in our earlier contribution [2]. Higher AL solution is inefficient in terms of CCE usage and PDCCH blocking probability and may also be inadequate to reach reliability target, especially for URLLC use cases with more stringent requirements than Rel.15 (e.g. 10-6). Therefore, DCI repetition should be also considered to support the one-shot transmission case.

Multiple DCI resources can be pre-configured in one TTI with the first one mandatory for the UE to detect and all others optional. The UE may choose to detect the first DCI, if it succeeds, all remaining DCIs can be skipped and additionally, the UE can indicate an ACK for the first DCI to stop the gNB to transmit remaining DCIs. Pre-configured resources not used can be used for either eMBB or URLLC PDSCH transmissions and the exiting pre-emption indication in DL can be used to indicate which resources are not used. 
Proposal 4: it is proposed to support DCI repetition in time, where the additional DCI transmission is conditional to the successful reception of the initial DCI by the UE. 
3 Conclusions
A number of enhancements are discussed for DL automatic repletion and based on our discussion, we have the following proposals:  

Proposal 1: it is proposed to include the same DCI parameter, repetition number, as in LTE URLLC for NR DL automatic repetition. 

Proposal 2: it is proposed to include a DCI parameter, repetition index, if DCI repetition is supported. 

Proposal 3: it is proposed to support at least 2 different time domain resource assignments for PDSCH repetition. 

Proposal 4: it is proposed to support DCI repetition in time, where the additional DCI transmission is conditional to the successful reception of the initial DCI by the UE. 
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