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Introduction
In this contribution, we discuss the PDSCH related LTE URLLC candidate technical solutions.
The RAN plenary agreed to the following scope for DL data:
	· 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/HARQ-less repetition
· All four variants (as identified in RAN1#92) are valid for further discussion. 




Additionally, the following was agreed at RAN1#92:
	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)



In RAN1#92bis, the following was agreed:

	Agreement:
· PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received
· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI
· FFS: Values for k
· FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window
Agreement:
· The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.





[bookmark: _Ref178064866]Discussion 
[bookmark: _Toc509587768][bookmark: _Toc510645898]PDSCH repetition
According to agreements in RAN1#92bis, blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1.
DCI field with number of PDSCH repetitions
As seen in the timelines in Figure 1, up to four repetitions can be supported within a time limit of 1ms. In all cases, at least two repetitions can be allowed, and previous results [5] show that the 1e-5 BLER @-2.6dB target can be achieved with two repetitions, when slightly power-boosting the SPDCCH.
[bookmark: _Toc513216461][bookmark: _Toc513216500][bookmark: _Toc513216548][bookmark: _Toc513539952][bookmark: _Toc513539973][bookmark: _Toc513542562][bookmark: _Toc513549267][bookmark: _Toc513550975][bookmark: _Toc513551250][bookmark: _Toc513552212]Include a DCI field with two bits, supporting up to four repetitions.
When number of repetitions is signaled in the DCI, or configured over RRC, the corresponding set of subslots needs to be well-defined, even if the grant spans a subframe border.
[bookmark: _Toc513216462][bookmark: _Toc513216501][bookmark: _Toc513216549][bookmark: _Toc513539953][bookmark: _Toc513539974][bookmark: _Toc513542563][bookmark: _Toc513549268][bookmark: _Toc513550976][bookmark: _Toc513551251][bookmark: _Toc513552213]For grants spanning multiple subframes, the UE is expected to not count subslot 0 and only count subslots with data transmission, if configured with CFI 2 or 3. 
[bookmark: _Toc513542564][bookmark: _Toc513549269][bookmark: _Toc513550977][bookmark: _Toc513551252][bookmark: _Toc513552214]For grants spanning multiple subframes, the UE is expected to count subslot 0, if CFI is not configured, or if configured with CFI 1. 
This means that in case CFI is not configured, but turns out to be 2 or 3 in the following subframe, one less subslot is used than indicated by the number of repetitions field.
According to previous agreements, the new DCI field will be added in addition to other DCI fields in existing formats. The presence of the repetition field in DCI will thus be configured over RRC. The mapping of the field to repetition values could also be partially (e.g. have 1 or some values configured in RRC and other values set in specifications) or fully  configured over RRC. 
[bookmark: _Toc513216463][bookmark: _Toc513216502][bookmark: _Toc513216550][bookmark: _Toc513539954][bookmark: _Toc513539975][bookmark: _Toc513542565][bookmark: _Toc513549270][bookmark: _Toc513550978][bookmark: _Toc513551253][bookmark: _Toc513552215]Let the existence of the repetition number DCI field be signaled over RRC
Discuss the configuration of the repetition values by  RRC signaling.
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[bookmark: _Ref513215262]Figure 1. Repetition timeline for different packet arrival time cases. 14os total time limit, including 2os each for TX and RX processing. Top: 1os PDCCH, Middle: 2os PDCCH, Bottom: 3os PDCCH. For 1os PDCCH, 3–4 repetitions can be supported, and 2–4 repetitions for 2 and 3 os PDCCH.
Link adaptation with PDSCH repetitions
Since the PDSCH repetitions may make the BLER very low, relying on ACK/NACK-based outer loop link adaptation is not feasible. Due to the tight latency requirements, the reported ACK/NACK value may anyway not be used to trigger a retransmission, so the use of the ACK/NACK is to monitor the reliability of the channel. 
The working assumption from the 92bis meeting was that “the UE shall report HARQ feedback with the timing given by the last PDSCH repetition”. However, making it configurable what the ACK/NACK refers to will make it possible for the eNB to monitor reliability without having a block error. If, for example, the UE would report the ACK/NACK related to the second last repetition, see Figure 2, an ACK would be a strong ACK that it was possible to decode without using all repetitions. A NACK, however, would mean that the UE was not able to decode it without using all repetitions, but possibly using the last repetition. This would indicate to the eNb that the margin is too small, and the eNb may then choose a more robust format, e.g. increase number of repetitions or lower the MCS.
[bookmark: _Toc513549276][bookmark: _Toc513550972][bookmark: _Toc513551247][bookmark: _Toc513552209]Letting the UE report ACK/NACK related to an earlier transmission than the last, the eNb could monitor and adjust link reliability, without having a block error. 
[bookmark: _Toc513216464][bookmark: _Toc513216503][bookmark: _Toc513216551][bookmark: _Toc513539955][bookmark: _Toc513539976][bookmark: _Toc513542566][bookmark: _Toc513549271][bookmark: _Toc513550979][bookmark: _Toc513551254][bookmark: _Toc513552216]Configure over RRC which PDSCH repetition the ACK/NACK should refer to: either  ACK/NACK related to last repetition, or ACK/NACK related to second last repetition.
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	b) ACK/NACK given by second last repetition, delayed and sent at timing given by the last repetition
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[bookmark: _Ref513548379]Figure 2. a) shows HARQ ACK/NACK at last repetition, sent at timing given by the last repetition. b) shows HARQ ACK/NACK from an earlier repetition, delayed and sent at the timing given by the last repetition.
UE behavior for PCFICH
During RAN1#92b, it has been agreed to support a CFI configuration over RRC, in order to not put dependence on potentially erroneous PCFICH decoding. 
	Agreement:
Support an optional, CFI configuration per TTI length through UE and serving cell specific semi-static configuration.
· 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 could be configured separately for MBSFN and non-MBSFN subframes over each cell.



As discussed in previous offline email discussions, a UE (or a set of UE) must have a consistent CFI for all the DCIs and sDCI it attempts to decode in a given control regions. Said differently, UL grants and PDSCH assignments in a given control region must have the same CFI. 
[bookmark: _Toc513539960][bookmark: _Toc513539972][bookmark: _Toc513549277][bookmark: _Toc513550973][bookmark: _Toc513551248][bookmark: _Toc513552210]A UE or a set of UEs cannot share the same subframe control region and have conflicting CFIs, be it RRC or dynamically signaled. 

[bookmark: _Toc513539956][bookmark: _Toc513216465][bookmark: _Toc513216504][bookmark: _Toc513216552]If the UE is already configured a CFI value, then the UE should not need to search for conflicting CFI values.
[bookmark: _Toc513539957][bookmark: _Toc513539977][bookmark: _Toc513542567][bookmark: _Toc513549272][bookmark: _Toc513550980][bookmark: _Toc513551255][bookmark: _Toc513552217]When a UE is configured with a semi-static CFI for a given TTI length, the UE can skip PCFICH decoding for that TTI length.
[bookmark: _Toc513216466][bookmark: _Toc513216505]DCI formats and contents
In order to not introduce additional decoding complexity for the UEs, by increasing the number of blind decodes, the same DCI formats with existing sizes should be kept also for URLLC.
[bookmark: _Toc513549273][bookmark: _Toc513550981][bookmark: _Toc513551256][bookmark: _Toc513552218]Do not introduce any new DCI format sizes for URLLC.
Operation modes
The URLLC traffic has a lower target BLER and will typically be transmitted in a more robust format than regular MBB traffic. However, after being scheduled with e.g. certain MCS settings, there is nothing that distinguishes URLLC traffic on the physical layer.
[bookmark: _Toc513550974][bookmark: _Toc513551249][bookmark: _Toc513552211]The traffic type is transparent to the physical layer. 
Improvement of DMRS-based channel estimation
Although most of the URLLC effort has targeted CRS-based transmission modes, some improvements can be done to DMRS-based transmission modes. A major difference between CRS- and DMRS-based channel estimation is that the CRS can be coherently averaged over time and frequency, outside the allocation of the particular UE.
An improvement to the UE channel estimation, requiring minimal standardization changes, is to allow the UE to filter DMRS-based channel estimates across subslot borders when scheduled with multiple repetitions on the same frequency resources.
[bookmark: _Toc510645901][bookmark: _Toc510655929][bookmark: _Toc510685206][bookmark: _Toc510811323][bookmark: _Toc513216467][bookmark: _Toc513216506][bookmark: _Toc513216553][bookmark: _Toc513539958][bookmark: _Toc513539978][bookmark: _Toc513542568][bookmark: _Toc513549274][bookmark: _Toc513550982][bookmark: _Toc513551257][bookmark: _Toc513552219]When scheduling TB repetitions and for the RB reused in the repeated transmission, the same precoder is kept between repetitions, allowing the UE to do coherent channel estimation filtering. 
In addition, as specified for short TTI, there is a one-bit field specified in the DCI, DMRS position indicator field in 3GPP TS 36.212. The meaning of this field is to distinguish between
no-DMRS		No DMRS sent in subslot; reuse old channel estimate
new-DMRS		New DMRS sent in subslot; replace old channel estimate
In none of the cases, the UE is allowed to filter channel estimates between subslots, which would improve channel estimation performance.
By having a third possibility, the UE can be allowed to filter channel estimates:
same-DMRS		DMRS sent in subslot, maintaining precoder; filtering with previous subslot allowed
To not introduce any DCI format changes, the meaning of the DMRS position indicator field can be RRC configured, so that the single bit chooses between two selected of the 0,1,2 cases above
[bookmark: _Toc510645902][bookmark: _Toc510655930][bookmark: _Toc510685207][bookmark: _Toc510811324][bookmark: _Toc513216468][bookmark: _Toc513216507][bookmark: _Toc513216554][bookmark: _Toc513539959][bookmark: _Toc513539979][bookmark: _Toc513542569][bookmark: _Toc513549275][bookmark: _Toc513550983][bookmark: _Toc513551258][bookmark: _Toc513552220]Reconfigure via RRC the DMRS position indicator field to, instead of selecting between {“no-DMRS”, “new-DMRS”}, selecting between {“no-DMRS”, “same-DMRS”} or {”same-DMRS”, ”new-DMRS”} 
Conclusion
In section 2 we made the following observations:
Observation 1	Letting the UE report ACK/NACK related to an earlier transmission than the last, the eNb could monitor and adjust link reliability, without having a block error.
Observation 2	A UE or a set of UEs cannot share the same subframe control region and have conflicting CFIs, be it RRC or dynamically signaled.
Observation 3	The traffic type is transparent to the physical layer.

Based on the discussion in section 2 we propose the following:
Proposal 1	Include a DCI field with two bits, supporting up to four repetitions.
Proposal 2	For grants spanning multiple subframes, the UE is expected to not count subslot 0 and only count subslots with data transmission, if configured with CFI 2 or 3.
Proposal 3	For grants spanning multiple subframes, the UE is expected to count subslot 0, if CFI is not configured, or if configured with CFI 1.
Proposal 4	Let the existence of the repetition number DCI field be signaled over RRC
Proposal 5	Configure over RRC which PDSCH repetition the ACK/NACK should refer to: either  ACK/NACK related to last repetition, or ACK/NACK related to second last repetition.
Proposal 6	When a UE is configured with a semi-static CFI for a given TTI length, the UE can skip PCFICH decoding for that TTI length.
Proposal 7	Do not introduce any new DCI format sizes for URLLC.
Proposal 8	When scheduling TB repetitions and for the RB reused in the repeated transmission, the same precoder is kept between repetitions, allowing the UE to do coherent channel estimation filtering.
Proposal 9	Reconfigure via RRC the DMRS position indicator field to, instead of selecting between {“no-DMRS”, “new-DMRS”}, selecting between {“no-DMRS”, “same-DMRS”} or {”same-DMRS”, ”new-DMRS”}
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