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1	Introduction
At RAN#79, the following decision on the scope of PDSCH/DL-SCH enhancements for LTE URLLC have been taken. 
· 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/HARQ-less repetition
· All four variants (as identified in RAN1#92) are valid for further discussion.

At RAN1#92, the following agreements related to the four reference variants was achieved: 
Agreement:
…..
· 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 we give our input on the envisioned blind/HARQ-less PDSCH repetition. 

2	Blind HARQ-less PDSCH repetition variants
In the sequel we discussed the different variants in here.
Variant 1: Dynamic indication of the PDSCH repetition factor in DCI
In case of variant 1, a single DCI is indicating the PDSCH assignment of the TB(s) associated with a single HARQ-ID in consecutive TTIs. From DCI perspective, at least a field indicating the repetition factor needs to be added (e.g. 2bits indicating 1 to 4 transmissions in total) which slightly increases the DCI size.

If we neglect the option to indicate a different RA for different repetition (i.e. some type of FH support), the operation of variants 1 and 2 are rather similar, as the DL control reliability is given by the single DCI scheduling the repetitions and the DL control overhead is rather similar (now neglecting the slightly increased DCI size). 
But there is one big difference between these two, namely the option for the eNB to dynamically adjust the number of repetitions. We think that this will be essential, as the assumption is not to increase the number of (S/E)PDCCH blind decodes. For RRC configured repetition factor of variant 2, the UE would always assume the TB to be repeated even though this is not needed – such as if due to a smaller TBS a sufficiently low MCS can be achieved with a lower number of repetitions or even no repetition needed at all. Moreover, we need to consider that a single UE may have URLLC and MBB traffic. As there is no indication in the DCI what traffic is carried here, the same number of RRC configured repetitions would equally be applied to any normal, MBB traffic which is clearly suboptimal. 

Compared to variant 3, variant 1 provides a lower DL control overhead but the DL control reliability is given by the single DCI whereas for variant 3 the probability of missing the DL assignment will be lower as more than one DCI is scheduling. 
We would like to note here, that this main drawback of variant 1 (i.e. DL control reliability) could be solved by applying a eNB implementation specific variant of variant 1, where the DCI is indicating the number of repetitions (according to variant 1) but the eNB may also send a DL assignment together with the repetition. Just as an example, in the first transmission instance four transmissions are indicated in the DCI in TTI#n, and in TTI#n+1 a DCI scheduling only the remaining three retransmission is transmitted by the eNB. We denote this variant in this contribution as Variant 1_Enh, which is illustrated in Fig. 1a for the case of 4 repetitions with each having an accompanying DCI. Please note, that in case the UE would already correctly decode the DCI scheduling the repetitions the first time (i.e. DCI(1,2,3,4) below), it would not need to search for PDSCH assignments in the following TTIs any more as the PDSCH has been already assigned so the DL control decoding effort is increased compared to plain variant 1 & 2 and will still be lower compared to variant 3. Please note, that the eNB may as an example only transmit the DCI together with the first two or three PDSCHs (assuming the PDCCH decoding reliability to be sufficient) and not transmit DCI with later repetitions (to limit the DL control load) shown in Fig. 1b – so basically compared to Variant 3 this will provide a more independent link adaptation option between DL control & PDSCH reliability (i.e. independent setting of needed PDCCH and PDSCH repetitions). 
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(a)																				(b)
Figure 1: Enhanced variant 1 operation (Variant 1_Enh): The dynamic repetition indication 
is enhanced as an eNB implementation specific solution 
by (a) DCIs with each PDSCH transmission or (b) DCIs for the first two transmissions only.

As we will shortly also discuss in the next section, for variants 1 & 2 only a single HARQ-Ack would need to be sent at the end of the repetition (as done in case of LTE TTI bundling) in contrast to variant 3, where for each independent assignment HARQ-Ack is to be reported (as each transmission instance could be the last). 

Variant 2: RRC configuration of the PDSCH repetition factor
As already discussed above with respect to variant 1, the big problem that we see with RRC configurable repetition factor is the inability for the eNB to disable the repetitions (after being RRC configured), which may not be needed for scheduling less critical data (such as MBB) or in case of small TBS as smaller number repetitions may be sufficient. 

Moreover, the DCI reliability cannot be increased as in case of variant 1, as for variant 2 each DCI will always schedule the full set of RRC configured repetitions. 

From this perspective, we think that the e.g. 2 additional bits in the DCI that variant 1 would require are worth the additional flexibility given by variant 1. Otherwise, we don’t see any difference between these two variants there. 


Variant 3: Independent PDSCH assignment for each PDSCH transmission
As already partially discussed in the context of variant 1, we see two big advantages of variant 3 – namely the higher DCI reliability as having several, separate DCIs and the ability to enable some type of FH or more dynamic resource allocation, with the drawback being the higher DL control overhead due to several DL assignments, the higher DL control decoding need for the UE and the need for more independent HARQ-Ack transmissions by the UE. Deciding in RAN1 which of the two rather different approaches (variant 1 or variant 3) is best suited may be hard, as this is dependent on the intended eNB operation, cell load, traffic requirements in terms latency/reliability bounds and so on. 


Variant 4: Combination of semi-static and dynamic indication

One interpretation of this variant is to RRC configured the ‘repetition number’ field in the DCI for variant 1. Clearly, something like that could be done – but we then consider this as part of the main variant 1 operation (i.e. RRC configuration of variant 1) but not as a different operation as such. 

As we could not come up to with any additional interpretation of what combination of RRC configuration and dynamic indication means and therefore do not treat variant 4 otherwise and do not include it in the comparison table below. 


Looking at the variants, the following characteristics for Variant 1 to Variant 3 can be note: 
	Characteristic
	Variant 1
	Variant 2
	Variant 3

	Repetition flexibility
	++ (limited by field size)
	---
	+++

	DL control overhead
	++ (slightly larger DCI)
	+++
	---

	DL control reliability
	--- (if single DCI)
+++ (>1 DCI, V. 1_Enh)
	---
	+++

	PDCCH decoding load
	++ not during TX burst
	++ not during TX burst
	+ in each TTI

	FH / resource allocation flexibility
	--- (if fixed)
- (RRC configured FH)
+ (in DCI, larger DCI)
	--- (if fixed)
- (FH RRC configured)
	+++
(fully flexible)

	HARQ-Ack reporting
	+ at end of burst or
- for each repetition
	+ at end of burst or
- for each repetition
	- for each repetition


Table 1: Characteristics of the different repetition variants

We provide a statistical analysis of the effect of different error probabilities for DL assignment and PDSCH decoding errors in the Appendix for Variants 1, 2, 3 and Variant 1_Enh. The DL control reliability relations shown in Table 1 can also be seen from the failure probabilities of Figures 2 to 4 in the Appendix. Variant 3 is less prone to DL control decoding errors compared to Variants 1 & 2. But this disadvantage can be fixed for Variant 1 by eNB specific implementation Variant 1_Enh, showing the best overall performance.

Based on the discussions above, we think that both Variants 1 and 3 could be supported as they provide support for slightly different operation. But we do not think that Variant 2 needs to be supported, as Variant 1 can basically do the same without having the big drawbacks of variant 2 and by eNB implementation specific variant 1_Enh we clearly outperform variant 2. 

For Variant 1, RAN1 could either fix the DCI fields size for the number of repetitions or make the field size configurable. We don’t think that a different resource allocation or FH for the different repetitions needs to be supported as this could be done by using variant 3 instead having the full flexibility there. 

As noted above for variant 4, we could not really identify any real use case there and the interpretation is a bit unclear there. 

To summarize this, we make the following proposals and observations: 

Proposal 1: PDSCH repetition variant 1 (i.e. dynamically indicated repetition) is to be supported as it shows (with some eNB implementation specific solution, i.e. Variant 1_Enh) the overall best performance. 
· DCI ‘repetition’ field size is FFS (RRC configurable or fixed size)
· Resource allocation indicated in the DCI applies to all the scheduled repetitions

Proposal 2: PDSCH repetition variant 2, i.e. RRC configurable repetition factor, is not supported due to limited operational flexibility compared to Variant 1 and being prone to PDCCH missed detection. 
Proposal 3: PDSCH repetition variant 3 (i.e. independent DL assignments) could be supported to provide flexibility for independent resource allocation for each transmission instance. 
Observation 1: Variant 4 use cases and interpretation is not fully clear yet. Further discussions in RAN1 are needed. 

3	HARQ-Ack reporting for blind PDSCH repetition
Overall, we see a need for still having HARQ-Ack reporting even though blind PDSCH repetition is used independently of the variant chosen. 
For variants 1 & 2, where the number of repetitions is known to the UE when receiving the DL assignment (either by DCI dynamic indication or RRC configuration) either the UE could report HARQ-Ack according to each transmission instance (e.g. 4 HARQ-Ack’s transmitted in case of 4 transmissions/3 repetitions) or only after having received all the repetitions (single HARQ-Ack, similar as in case of LTE TTI bundling). 
The latter HARQ-Ack mode could decrease the UE power consumption but cannot take advantage of HARQ-Ack repetition if HARQ-Ack is to be reported for each transmission instance. Moreover, having each PDSCH transmission resulting in HARQ-Ack reporting the potential Ack could be received earlier and the eNB may discard the need to potentially re-transmit the PDSCH TBs earlier. 
For Variant 3, clearly HARQ-Ack transmission for each transmission instance will be needed as the UE will not be aware if further blind repetitions are to be scheduled by the eNB. 
Observation 2: Studies are needed if HARQ-Ack per transmission instance or single HARQ-Ack for all repetitions is to be supported for Variant 1 (or Variant 2). 
Observation 3: Based on legacy LTE operation, the UE is required to report HARQ-Ack for each decoded PDSCH assignment (i.e. HARQ-Ack per transmission instance) for Variant 3. 

4	Conclusions
In this contribution we discussed HARQ-less PDSCH reliability. The discussions can be summarized in the following related observations and proposals. 
Proposal 1: PDSCH repetition variant 1 (i.e. dynamically indicated repetition) is to be supported as it shows (with some eNB implementation specific solution, i.e. Variant 1_Enh) the overall best performance. 
· DCI ‘repetition’ field size is FFS (RRC configurable or fixed size)
· Resource allocation indicated in the DCI applies to all the scheduled repetitions

Proposal 2: PDSCH repetition variant 2, i.e. RRC configurable repetition factor, is not supported due to limited operational flexibility compared to Variant 1 and being prone to PDCCH missed detection. 
Proposal 3: PDSCH repetition variant 3 (i.e. independent DL assignments) could be supported to provide flexibility for independent resource allocation for each transmission instance. 
Observation 1: Variant 4 use cases and interpretation is not fully clear yet. Further discussions in RAN1 are needed. 
Observation 2: Studies are needed if HARQ-Ack per transmission instance or single HARQ-Ack for all repetitions is to be supported for Variant 1 (or Variant 2). 
Observation 3: Based on legacy LTE operation, the UE is required to report HARQ-Ack for each decoded PDSCH assignment (i.e. HARQ-Ack per transmission instance) for Variant 3. 
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