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1 Introduction

In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [1]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

As discussed in email discussion [91-LTE-10], investigating the following potential solutions/issues for PDSCH enhancements are proposed by most companies and will be discussed in this contribution, 
· HARQ-less repetition
· CSI enhancement
In this contribution, we provide our detailed solution for PDSCH enhancements in terms of aspects to fulfill these targeted requirements, including both latency and reliability.

2 HARQ-less repetition schemes
Since current HARQ-based DL transmission cannot achieve 1ms latency requirement with strict requirements [2], HARQ-less repetition should be supported in URLLC. In this section, several HARQ-less repetition schemes are provided, as well as the analysis of the advantages and disadvantages.
2.1 Scheme 1: A TB is repeated on PDSCH, each of which is scheduled by one PDCCH
As in current LTE, the same TB carried on multiple PDSCH can be identified by HARQ process number and toggled NDI, the HARQ-less repetition for PDSCH can be implemented by current specification, i.e., eNB transmits multiple PDCCH and PDSCH with the same TB in consecutive TTIs by indicating the same HARQ process ID and non-toggled NDI in the associated PDCCH. This scheme is beneficial in terms of scheduling flexibility since the multiple PDCCH is not repetition and the resource allocation/MCS for each PDSCH follows its respective scheduling DCI. However, UE may be of higher complexity for a TB to be decoded.
The scheme 1 is illustrated in Figure 1: If eNB needs to transmit a URLLC traffic to a certain UE (e.g., UE1) before sTTI #2 but most of the resource in sTTI #0 is occupied by another UE, the URLLC traffic can be either scheduled in only sTTI 1 or both sTTI 0 and sTTI 1. However, if this UE is located at cell edge with low received SNR, it needs 120 PRBs to achieve MCS 0 as mentioned in [4]. Therefore, even if all the resources in sTTI #1 are allocated to this UE, the reliability still may not achieve the requirement. In this case, the leftover resources in sTTI 0 allocating to the PDSCH will be helpful to meet the requirements of latency and reliability as shown in Figure 1. In such a case, the DCI contents in sTTI 0 and sTTI 1 will be different in terms of possibly different resources allocations and MCS. 
As discussed in [3], HARQ process number is removed to get a compact DCI for requirement of (10-5, 1ms), in which case NDI can be retained in compact DCI to distinguish whether the TB transmitted in the subslot is the same or different from the last one. 
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Figure 1. Illustrations of HARQ-less repetition scheme 1

2.2 Scheme 2: A TB is repeated on PDSCH which is scheduled by a single PDCCH 
As shown in Figure 2, the PDCCH is transmitted without repetition, so it needs higher reliability requirement than one transmission of PDCCH in scheme 1. The conservative resources (higher aggregation level) will be used to transmit the single PDCCH by requirement of less than 10-5 to fulfil the requirement of (10-5, 1ms) for URLLC. The PDCCH blocking may arise in such a case, and solutions for reducing blocking need to be considered then. Furthermore, PDSCH scheduling for repetitions will be of less flexibility comparing with scheme 1, since PDSCH repetitions scheduled by a single PDCCH would have the same RA and MCS. However, PDCCH decoding latency will be short in this scheme.
In this scheme, NDI in DCI is replaced by repetition indicator to indicate the number of repetitions.
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Figure 2. Illustrations of HARQ-less repetition scheme 2
2.3 Scheme 3: A TB is repeated on PDSCH which a scheduled by a single PDCCH with repetition 
It is possible that multiple UEs can be scheduled at the same TTI. In such a case, the resource in RB set will be shared by multiple UEs, which means the occupied resource (e.g., CCE) of each PDCCH will be less than the resource in the case that the RB set is allocated to a single UE for its reliability, i.e., scheme 2, so less PDCCH blocking probability is expected. As shown in Figure 3, the PDSCH repetition can be scheduled by multiple PDCCH where each PDCCH occupies less resource in the RB set, and the DCI contents in each PDCCH are the same, so can be combined to get high reliability. However, the PDCCH decoding delay of this scheme is larger than that of scheme 2, and PDSCH repetitions scheduling is of less flexibility. 
In this scheme, NDI is replaced by repetition indicator for PDCCH combination. 
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Figure 3. Illustrations of HARQ-less repetition scheme 3

In summary, all of three schemes are summarized in the following table. 
Table 1. Analysis for HARQ-less repetition schemes
	
	Scheme 1
	Scheme 2
	Scheme 3

	Advantages
	Flexible PDSCH scheduling
Less blocking probability
	Low latency for PDCCH decoding
	Less blocking probability

	Disadvantages
	Long latency for PDCCH decoding

Relatively higher UE complexity
	Blocking issue of PDCCH
Less scheduling flexibility for PDSCH repetitions
	Long latency for PDCCH decoding
Less scheduling flexibility for PDSCH repetitions

	NDI or repetition indicator in DCI
	NDI
	Repetition indicator
	Repetition indicator


Thus, we proposed that
Proposal 1: Three HARQ-less repetition schemes can be considered for LTE URLLC, where a TB is repeated

· on PDSCH, each of which is scheduled by one PDCCH, 
· on PDSCH which is scheduled by a single PDCCH, 
· on PDSCH which is scheduled by a single PDCCH with repetition.
Proposal 2: Either retaining the NDI or replacing NDI with repetition indicator can be considered in compact DCI.

3 Diversity enhancements for PDSCH
PDCP data duplication is to be specified by RAN2 for improving the CC-domain diversity with less specification effort. However, joint decoding among multiple CCs can further improve the performance from RAN1 perspective which will involve RAN1 specification efforts. For example, in legacy LTE, since each CC has its individual HARQ entity, the data transmitted in different CCs cannot be jointly decoded even if the data is the same. Therefore, we propose that the PDSCH repetition in CC-domain can be also studied in RAN1 to obtain the joint decoding/demodulation gain.

Proposal 3: The PDSCH repetition in CC-domain can be also studied in RAN1 to obtain the joint decoding/demodulation gain.
4 CSI enhancement
The CSI and MCS enhancement for URLLC is discussed in detail in [4]. The main conclusion and proposals regarding CSI and MCS enhancement can be summarized as follows.

Proposal 4:  Two target BLERs for CQI reporting can be considered for LTE URLLC.
Proposal 5: A-CSI triggered by downlink or uplink compact DCI can be considered. 
Proposal 6: Lower coding rate achieved by repetition is supported for LTE URLLC.

Proposal 7: A MCS table joint encoding the MCS and repetition number configured by high layer signaling is supported for LTE URLLC.
5 Conclusions
In this contribution, we have the following proposals on reliability:
Proposal 1: Three HARQ-less repetition schemes can be considered for LTE URLLC, where a TB is repeated

· on PDSCH, each of which is scheduled by one PDCCH, 
· on PDSCH which is scheduled by a single PDCCH, 
· on PDSCH which is scheduled by a single PDCCH with repetition.

Proposal 2: Either retaining the NDI or replacing NDI with repetition indicator can be considered in compact DCI.

Proposal 3: The PDSCH repetition in CC-domain can be also studied in RAN1 to obtain the joint decoding/ demodulation gain.

Proposal 4:  Two target BLERs for CQI reporting can be considered for LTE URLLC.
Proposal 5: A-CSI triggered by downlink or uplink compact DCI can be considered. 
Proposal 6: Lower coding rate achieved by repetition is supported for LTE URLLC.

Proposal 7: A MCS table joint encoding the MCS and repetition number configured by high layer signaling is supported for LTE URLLC.
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