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1 Introduction

In the RAN#79 meeting, the following agreements focusing on the techniques to achieve 1ms latency have been achieved [1]
Agreement
· To support enhanced reliability focusing on 1ms latency bound in Rel-15, only the following are to be specified by June:

· PCFICH reliability: Semi-static configuration of PCFICH duration to avoid PCFICH reliability impacting the overall DL reliability (RAN2 led)

· Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)

· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition. 

· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind repetition

· All four variants (as identified in RAN1#92) are valid for further discussion. 

· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)

· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI) 

· PDCP data duplication (RAN2)

· For the solutions above, introduce any necessary UE and base station core requirements [RAN4] 

In the RAN1#92 meeting, the following agreements related to targeted reliability and latency requirements have been achieved [2].
Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 

· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PDSCH repetition can be combined with TTI level FH. 

In this contribution, how to implement blind/HARQ-less repetition for scheduled DL-SCH is discussed based on the agreements achieved so far.
2 HARQ-ACK feedback for Blind/HARQ-less Repetition
Apparently, HACK-less means no HARQ retransmission to UE for combining based on HARQ-ACK feedback, as UE is not able to combine initial transmission and the retransmission because of the 1ms latency requirement for URLLC. In addition, the HARQ-ACK feedback is accordingly deemed unnecessary for URLLC as retransmission will not be triggered by HARQ-ACK feedback anyway, no matter which variant for blind/HARQ-less repetition is adopted in the end. 
Proposal 1: HARQ-ACK feedback is not supported for URLLC with 1ms latency target. 
Without HARQ-ACK feedback, the fields of HARQ process number, RV, NDI, TPC for PUCCH, ARI, etc. in the current DCI formats defined for sTTI are not needed for HARQ-less sPDSCH repetition. As a result, a modified DCI as summarized in Table 1 is meaningful to guarantee the reliability with low sPDCCH resources overhead.

Table 1. Description of a modified DCI1 vs. DCI 7-1A
	DCI payload size
	Description

	50
	Max. payload size of DCI format 7-1A

	351
	The following fields are removed from DCI format 7-1A:

· HARQ process number (4 bits)

· RV (2 bits)
· NDI (1 bits)
· TPC command (2 bits)

· DAI (up to 4 bit)

· ARI (2 bits)


1: Content of the modified DCI refers to Table 4 in appendix.
Proposal 2: To support blind/HARQ-less repetition, the DCI modification includes at least removing HARQ process related fields as HARQ process number, RV, TPC command, DAI, ARI.
3 Discussion on variants to support blind/HARQ-less repetition
To implement blind/HARQ-less repetition, four variants were identified in the last RAN1 meeting. For ease of discussion, these variants are categorized into two groups; Group 1 consists of variant 3 and Group 2 consists of variants 1, 2 and 4. 
The variant of Group 1 assumes that multiple sPDSCHs conveying the same TB are scheduled independently by multiple sPDCCHs. All variants in Group 2 assume that multiple sPDSCHs are scheduled by a single sPDCCH without sPDCCH repetition assuming sPDCCH repetition is not supported according to the discussion for narrowing scope in RAN#79. The difference between variants of Group 2 is how to indicate/configure the sPDSCH repetition factor.
Note that regardless which variant is adopted, the maximum allowed number of repetitions (including initial transmission) is 3 to meet the requirement of (10-5, 1ms, 32 bytes) for URLLC per simulation results in [3]. 
3.1 Group 1: variant 3
The variant of Group 1 assumes multiple sPDSCHs are scheduled by multiple independent sPDCCHs. UE can decode each of transmission independently without soft-combining or combine the multiple sPDSCH transmissions which address the same TB, depending on whether UE knows the sPDSCH transmissions can be combined or not.  
3.1.1 The variant of Group 1 without repetition soft-combining
It is illustrated in Figure 1. For this scheme, UE monitors DCI and decodes the sPDSCH independently in each sTTI. If UE detects the DCI and sPDSCH successfully in any sTTI of transmission, the TB transmission is completed; otherwise, if UE fails detection in all transmissions, the TB transmission is failed. 
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Figure 1: Illustration of the variant of Group 1 without soft-combining
It is envisioned that the channel correlation property (3kmph) will affect the overall decoding performance of this variant and it is verified by simulations results as illustrated in Figure 2. It is assumed that three transmissions conveying the same TB are transmitted and the associated three scheduling sPDCCHs transmissions are all decoded correctly for ease of analysis and explanation. The target BLER is assumed to be 10-2 and 10-3 at -2.6dB for each of transmission as shown in Figure 2 (a) and Figure 2 (b), respectively. Note that the decoding of the TB is deemed as failure only when three trials are all failed. Therefore, by three trials, the overall BLERs for Figure 2 (a) and Figure 2 (b) are 2.67*10-3 and 1.95*10-4, respectively, which cannot meet the URLLC requirement of 10-5 BLER for the 1ms latency bound under which restriction at most 3 repetitions are allowable. 
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Figure 2. sPDSCH reliability of the variant of Group 1 by three trials of decoding without soft-combining
Observation 1: Multiple independent transmissions comparing to a single transmission hardly improve reliability due to the channel correlation property. 
On the other aspect, the performance comparison between the variant with sPDSCH soft-combining and that without sPDSCH soft-combining is presented in Table 2. Similarly, it is assumed that three transmissions conveying the same TB are transmitted and the associated three scheduling sPDCCHs transmissions are all decoded correctly. As summarized in Table 2, at the target SNR of -2.6dB to achieve BLER of 10-5, the required numbers of RBs for each of transmission are 84 RBs, 48 RBs, 36 RBs, respectively, for the three cases.  
Table 2: The minimum required number of RBs for the variant w/o sPDSCH soft-combining
	
	Min. required number of RBs to achieve 10-5 without PDCCH overhead calculation

	The variant without sPDSCH soft-combining by sPDSCH carried in 1OS
	84 RBs

	The variant without sPDSCH soft-combining by sPDSCH carried in 2OS
	48 RBs

	The variant with sPDSCH soft-combining by sPDSCH carried in 1OS
	36 RBs 


It is observed from Table 2 that the variant without sPDSCH soft-combining consumes more frequency resources to achieve the reliability requirement compared to the variant with soft-combining. In other words, if the requirement can be met by the variant with soft-combining using fewer resources, then the variant without soft-combining is wasting frequency resources which should be avoided for operators.  

Observation 2: The variant of Group 1 without soft-combining is of low spectral efficiency. 

Observation 3: The variant of Group 1 without soft-combining wastes 133% (= (84-36)/36) frequency resources compared to the variant with soft-combining. 
It is also noted that the variant of Group 1 can use independent sPDCCHs to schedule sPDSCH which taking different frequency resources to obtain frequency diversity gains. To mimic this case, the simulations are run based on the assumption that the repetitions are scheduled on evenly divided frequency resources which is the case being expected to achieve the most frequency diversity gain. In such a case, the minimum required numbers of RBs for the variant without sPDSCH soft-combining are summarized in the second column in Table 3.  
In addition, the effect to PDSCH performance is also considered in the simulation when power boosting to PDCCH is performed. Assuming the power boosted to PDCCH comes from that of PDSCH for a given UE to guarantee the PDCCH reliability, more RBs will be needed for PDSCH in order to meet the PDSCH reliability target due to the decreased transmission power which is borrowed by PDCCH. Therefore, the minimum required number of RBs when 1dB or 2dB power are boosted to PDCCH increases in some cases, which are summarized in the last two columns of Table 3. 
Table 3: The minimum required number of RBs for the variant w/o sPDSCH (2OS) soft-combining
	
	Without power boosting to PDCCH
	1dB power boosting to PDCCH
	2dB power boosting to PDCCH

	Evenly divided in frequency for 3 repetitions which are not combined
	48
	48
	60

	The same frequency location for 3 repetitions which are not combined
	48
	60
	60

	The same frequency locations for 3 repetitions which are combined
	36
	36
	48

	Gain of freq. diversity
	0
	1-48/60 =20%
	0

	Gain of soft-combining
	1-36/48=25%
	1-36/60 =40%
	1-48/60 =20%


The last two rows show the frequency diversity gain and the soft-combining gain, respectively, from which it can be observed that the independent scheduling by variant 3 can obtain frequency diversity gain but the gain is much less than the combining gain.
Observation 4: Frequency diversity gain is slight comparing to the soft-combining gain from the repetitions. 

3.1.2 The variant of Group 1 with repetition soft-combining
It is presented that UE knows the sPDSCH transmission can be combined by the scheduling DCI which indicates the same HARQ process ID and non-toggled NDI as illustrated in Figure 3. 
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Figure 3: Illustration of the variant of Group 1 with soft-combining

Normally, UE may assume HARQ retransmission with the same HARQ process ID and non-toggled NDI only happens after UE performs HARQ-ACK feedback per HARQ RTT timing. Otherwise, UE will assume such a case is a false alarm. Therefore, in order to make sure UE can combine the multiple transmissions of a TB even though these are scheduled independently, UE needs to know it is the case happening, e.g., by higher layer signalling that configures UE working in such a mode of HARQ-less operation. However, even though UE can know it is the case UE will suffer from higher false alarm rate comparing to procedure following HARQ RTT timing to identify the potential false alarm. 
Therefore, the false alarm issue needs to be studied if variant 3 with soft-combining is adopted. A priori-known information field in DCI is preferred and details needs to be figured out which will involve discussion for DCI and have specification impact. 
Observation 5: The variant of Group 1 with soft-combining involves DCI discussion for identification of false alarm which has specification impact. 
Moreover, a more stringent processing time of 1 sTTI is required in this variant compared to 3 sTTI for shortened processing time introduced in LTE. As illustrated in Figure 4 (a), the shortened processing time left to UE is 3 sTTI for decoding and soft-combining and preparing HARQ-ACK feedback. In Figure 4 (b), from UE perspective, UE is not aware there will be a repetition followed before decoding the DCI from which whether it is a repetition can be judged from the HPN and NDI. Therefore, UE’s behaviour is firstly decoding the sPDSCH in the current sTTI. If fails then decoding the sTTI followed to see if it is a repetition and if yes then combining with the previous one and decoding the combined signal for which the process should be finished in 1 sTTI before decoding the next sTTI if UE still fails in decoding the combined one. Apparently, high UE capability with more stringent shortened processing time of 1 sTTI is required and it is doubtable if it is really practical for UE implementation. 
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(a) Processing timing for HARQ RTT based combining for sTTI in current LTE system
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(b)  Processing timing for the variant of Group 1 with repetition soft-combining
Figure 4: illustration of timing for repetition soft-combining
Observation 6: The variant of Group 1 with soft-combining requires UE capable of more stringent shortened processing time of 1 sTTI.  
3.2 Group 2: Variants 1, 2, and 4
3.2.1 Reliability of the variants
As mentioned above, all variants in Group 2 assume a single sPDCCH transmission as shown in Figure 5. 
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Figure 5. Illustration of variants of Group 2
Regarding the sPDSCH reliability, the observation from Table 2 that the variant without sPDSCH soft-combining consumes more frequency resources to achieve the reliability requirement compared to the variant with soft-combining applies to variants of Group 2 as well. 
Therefore, comparing with the variant of Group 1 with soft-combining, variants of Group 2 can achieve fairly equivalent PDSCH performance after combining the repetitions. 
Observation 7: sPDSCH performance of the variant of Group 1 with soft-combining and that for the variants of Group 2 are fairly equivalent. 
3.2.2 Modifying DCI to support variants of Group 2 
The performance requirement of one-shot sPDCCH is met by a modified DCI to support blind/HARQ-less as discussed in section 2, which is transmitted by aggregation level of 8. The performance is presented in Figure 6.
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Figure 6. sPDCCH reliability with different DCI payload size

As shown in Figure 6, the BLER of DCI format 7-1A at -2.6dB is 4E-5, which exceeds the overall error target of 10-5. The modified DCI by removing HARQ-related fields from DCI 7-1A, the BLER of sPDCCH is lower than 10-6 at -2.6dB. 
Observation 8: The DCI modified for blind/HARQ-LESS of 35 bits with aggregation level of 8 can achieve lower BLER than 10-6 at -2.6dB. 
3.2.3 The modified DCI benefits lower sPDCCH overhead
Assuming 3 repetitions in total including initial transmission for sPDSCH to fulfil the reliability requirement, sPDSCH performance for the variant of Group 1 with soft-combining and that for those variants of Group 2 are fairly equivalent, and the resources consumed by sPDSCH are equivalent as well. However, Group 2 with one shot sPDCCH transmission outperforms Group 1 in terms of lower sPDCCH resources overhead. 
As shown in Figure 6, the modified DCI supporting variants of Group 2 that is of 35 bits can achieve 10-6 BLER at -2.6dB with AL-8, and the DCI supporting the variant of Group 1, i.e., DCI format 7-1A achieves 10-2 BLER at -2.6dB with AL-4 for the low resource consuming case. Therefore, totally 3 (repetition factor) * 4 (AL-4) = 12 SCCE are occupied by the sPDCCH of Group 1, which is 50% more than that (8 SCCE) occupied by sPDCCH of variants of Group 2. 
Observation 9: The variant of Group 1 increases 50% sPDCCH resources overhead compared to variants of Group 2.
Overall, based on the analysis and the observations above, the proposal is,

Proposal 3: Variant 3 is not adopted to support HARQ-less repetition for URLLC in LTE. 

The main difference among variants of Group 2 lies in how to indicate the repetition number of PDSCH. 
Proposal 4: FFS on down-selection among variants 1, 2, and 4 to support HARQ-less repetition for URLLC in LTE. 

4 Conclusions
In this contribution, four variants of supporting HARQ-less repetition for PDSCH for URLLC are analyzed in details and compared fairly, which leads to the following observations and proposals:
Observation 1: Multiple independent transmissions comparing to a single transmission hardly improve reliability due to the channel correlation property. 
Observation 2: The variant of Group 1 without soft-combining is of low spectral efficiency. 

Observation 3: The variant of Group 1 without soft-combining wastes 133% (= (84-36)/36) frequency resources compared to the variant with soft-combining. 

Observation 4: Frequency diversity gain is slight comparing to the soft-combining gain from the repetitions. 

Observation 5: The variant of Group 1 with soft-combining involves DCI discussion for identification of false alarm which has specification impact. 

Observation 6: The variant of Group 1 with soft-combining requires UE capable of more stringent shortened processing time of 1 sTTI.  
Observation 7: sPDSCH performance of the variant of Group 1 with soft-combining and that for the variants of Group 2 are fairly equivalent. 
Observation 8: The DCI modified for blind/HARQ-LESS of 35 bits with aggregation level of 8 can achieve lower BLER than 10-6 at -2.6dB. 
Observation 9: The variant of Group 1 increases 50% sPDCCH resources overhead compared to variants of Group 2.

Proposal 1: HARQ-ACK feedback is not supported for URLLC with 1ms latency target. 
Proposal 2: To support blind/HARQ-less repetition, the DCI modification includes at least removing HARQ process related fields as HARQ process number, RV, TPC command, DAI, ARI.
Proposal 3: Variant 3 is not adopted to support HARQ-less repetition for URLLC in LTE. 

Proposal 4: FFS on down-selection among variants 1, 2, and 4 to support HARQ-less repetition for URLLC in LTE. 
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Appendix

Table 4. Contents of the modified DCI of 35 bits based on DCI 7-1A 
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	

	Resource allocation
	9
	corresponding 20 MHz BW

	MCS
	5
	

	DMRS position indicator
	1
	only if UE is configured with dl-TTI-Length=subslot)

	Used/Unused SPDCCH 

resource indication
	2
	Configured by higher layers

	SRS request
	1
	For TDD only

	CRC
	16
	

	Total
	35
	


