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Discussion and Decision
1 
Introduction
In the RAN1#92 meeting [3] it was agreed to study and specify UL SPS enhancements to improve URLLC uplink operation.  
Agreement: 

Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.

Related to latency and reliability targets the following agreements were also made:

Agreement:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI
Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:

· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB

· Phase continuity when transmitting SRS or when crossing the subframe boundary

In the RAN#79 meeting the scope of the LTE URLLC work item was discussed and the following agreement on UL SPS specification was done: 
· 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)
In the RAN1#92bis the following proposal was noted in the chairman’s notes:

Proposal:

Any further discussion on UL SPS should focus on the following options:

Option 1: K repetitions, less or equal to the SPS periodicity P. Transmission starts at the beginning of the P windows. RV sequence is configurable.

Option 2: P=1, K repetitions are guaranteed and can start at any point. 

Option 3: P configurable, UE can start at any point within P, but K transmission configured but Tx stops at P boundary (i.e. K tx are not garanteed).

In this contribution UL SPS enhancements for URLLC are discussed.
2 
Discussion
Considering that RAN1 should complete the work in this meeting we think UL SPS work should focus on the three options listed in the last meeting. In the offline discussion, more detailed descriptions of the options were created which we include here for reference below: 
· Option 1: K repetitions, where K<= the SPS periodicity P. The transmission starts at the beginning of the P window. RV sequence is configurable.

· SPS configured with a periodicity P and offset

· configured K defines the number of transmissions and defines the transmission occasion window starting from the periodicity boundary (which is dependent on P and offset)

· K transmissions are guaranteed

· Single HARQ process/TB per transmission window. HARQ process ID could be determined by transmission window (i.e. given by the periodicity)

· No ambiguity in the starting point of the transmission window (and RV usage)

· Additional delay induced by fixed starting point occasions (i.e. starting point occasions have a periodicity of P)

· Option 2: P=1, K repetitions are guaranteed and the starting point of the transmission window can be in any (s)TTI. 

· HARQ process ID is given as a function of the first of the K transmissions

· The ambiguity in the starting point of the transmission window can be resolved by 

· UL DMRS

· Note: 4 combinations of cyclic shifts and COMB are available for sTTI and 8 for 1ms TTI

· The number of different DMRS configurations needed for a UE are

· 1 for K=1

· 2 for K=2

· for K=4

· case 1: 4 (brute force mechanism)

· case 2: 2 (with a mechanism that induces delay and requires buffering before being able to decode compared to the brute force mechanism??)

· for K=6

· case 1: 2 with a mechanism that induces (more?) delay and buffering??

· case 2: 4 with a mechanism that induces delay and buffering??

· for K=8

· case 1: 2 with a mechanism that induces (more?) delay and buffering??

· case 2: 4 with a mechanism that induces delay and buffering??

· In case of a brute force mechanism, any RV sequence can be supported

· In case of a mechanism different than a brute force mechanism, RV sequence {0, 0, 0, 0} is supported. FFS on the support of any other RV sequence.

· Option 3: K <= P, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions and stops at the transmission occasion boundary (i.e. K repetitions are not guaranteed)

· SPS configured with a periodicity P and offset

· configured K defines the maximum possible number of transmissions and defines the transmission occasion window starting from the periodicity boundary (which is dependent on P and offset)

· Single HARQ process/TB per transmission window. HARQ process ID could be determined by transmission window (i.e. given by the periodicity) but is independent of the TX starting within the transmission occasion window

· FFS on RV usage (e.g. RV sequence mapping is fixed within the window, or RV sequence is relative to the TX start)

It was also discussed that at least the following aspects should be studied for each option: 

· Reliability 

· Latency 

· RV usage

· Starting/ending point detection

· DMRS detection

· Buffering 

· User multiplexing capability (on overlapping PRBs)

Regarding latency and reliability target, as discussed in [4] the target of 10-5 BLER with 1ms latency for 32 bytes data packet may be achieved with only one sTTI transmission but this is only possible for 20MHz system bandwidth. 
As discussed e.g. in [1] for small code rates it is sufficient to use RV0 for all the repetitions but in other cases incremental redundancy provides gain. The first transmission from the UE should always be self-decodable i.e. UE should start the transmission using RV0. We think that at least RV sequence (0, 0, 0, 0) should be supported. FFS if also other RV sequences like (0, 2, 3, 1) or (0, 3, 0, 3) are needed

Proposal 1: For UL SPS with repetitions at least the RV sequence (0, 0, 0, 0) is supported. Depending on the selected option for UL SPS enhancement, other RV sequences can also be considered.
Different cyclic shifts and/or RPF of DMRS can be used to detect different users that use the same the resources. In the URLLC case, delays related to SR procedure need to be avoided so URLLC UEs need to have UL resources available all the time. In order to reduce overall resource consumption, overbooking can be done so that multiple UEs are configured to use the same resources and different DMRS CS/RPF is used for different users. In option 2, DMRS is also used for starting/ending point detection of the transmission. At least two different DMRS sequences are needed for each UE. This reduces the number of UEs that can be allocated to use overlapping RBs with Option 2 compared to Option 1 & 3. 
Option 1

In this option UE can start transmission only at certain (s)TTIs given by the beginning of the periodicity window. This is obviously not according to the agreement that a UE should be able to perform the initial transmission of a TB at any (s)TTI. Depending on the number of repetitions and the related periodicity window, it may not be possible to meet the latency target of 1ms.
This option is based on existing UL SPS methods: there is no ambiguity in starting/ending point detection. Decoding is also straightforward because there is no need to try decoding with different DMRS sequences and/or RV combinations. Therefore, the processing of the TB can be performed faster compared to the case of Option 3 and especially Option 2, where multiple different hypothesis need to be considered. Due to the deterministic starting point of the repetition sequence of this option, the use of RV sequences other than (0, 0, 0, 0) is straightforward.
Option 2

In this option latency, reliability and allocation of RBs can be managed flexibly but it is achieved at the expense of more complicated eNB processing and use of several DMRS sequences for one UE. In order to detect starting and ending point at least two DMRS sequences per UE are needed and this at least will halve the number UEs that can be allocated to use the same resources.
Because of the ambiguity of starting and ending point, eNB must try to decode the received signal with different DMRS sequence hypothesis and if the decoding is not successful, store the decoding result to be used with subsequent transmissions in the next (s)TTIs. Different receiver implementations can be considered but eNB processing and buffering requirements are the highest in this option. Similarly, as for the PDSCH repetition indication the UE/chipset side requested for the repetition to be deterministic after receiving a DL assignment indicating the repetition number, the same issue that was now prevented for the DL PDSCH repetition design is imminently present for the eNB decoding with UL SPS repetition Option 2. From eNB complexity point of view this starting/ending point detection is extremely complex operation (being by far more computationally complex than the NR GF operation from eNB perspective). Therefore, this option should not be adopted.
Option 3

This is like NR grant free operation. Because the number of the repetitions is not guaranteed the reliability target may not always be met when the repetition itself is required. Compared to option 1, eNB processing and buffering requirements are somewhat more complex because eNB must determine which (s)TTIs contained transmissions and which did not. But this option is still much less complex from eNB processing compared to Option 2 above, with less buffering and lower number of decoding hypothesis for the eNB to carry out. At least in the case that latency target is 1ms, it is better to use RV sequence (0, 0, 0, 0) with this option.
Simulations [5], [4] show that reliability and latency target can be achieved without modifications to the specifications in some configurations. Some additional flexibility should be considered but the changes and related Tx an RX complexity should be kept at reasonable level. As Option 2 would lead to unreasonable eNB RX complexity due to the large number of TX hypothesis, related buffering and back-to-back decoding requirement of the same TB, we strongly oppose the adoption of Option 2. As we are flexible on the two feasible options, we propose that UL SPS is enhanced so that UE may be configured to use either Option 1 or Option 3 above.
Proposal 2: For URLLC UL SPS with repetitions, UE is configured to use option 1 or option 3.
· For option 1, the applicable RV sequence can be configured from the set of (0, 0, 0, 0), (0, 2, 3, 1) and (0, 3, 0, 3).

· For option 3, the RV sequence (0, 0, 0, 0) is applied.
One more thing that needs to be decided is the number of repetitions. Considering 1ms latency and 10-5 BLER target and the assumptions for processing time in UE and eNB, at least the option for two transmissions is needed. In addition, support for couple of additional repetition values should be considered. We propose that for URLLC UL SPS the number of repetitions is configured to be two, three or four.
Proposal 3: For URLLC UL SPS the number of configured repetitions is [2, 3, 4]

3
Conclusions

In this contribution, we have discussed UL SPS enhancements for LTE URLLC. We have the following proposals:
Proposal 1: For UL SPS with repetitions at least the RV sequence (0, 0, 0, 0) is supported. Depending on the selected option for UL SPS enhancement, other RV sequences can also be considered.
Proposal 2: For URLLC UL SPS with repetitions, UE is configured to use option 1 or option 3.

· For option 1, the applicable RV sequence can be configured from the set of (0, 0, 0, 0), (0, 2, 3, 1) and (0, 3, 0, 3).

· For option 3, the RV sequence (0, 0, 0, 0) is applied.
Proposal 3: For URLLC UL SPS the number of configured repetitions is [2, 3, 4]

References

[1] R1-1801778,
Discussion on PUSCH related techniques for LTE URLLC,
ZTE, Sanechips
[2] Chairman’s notes, RAN1#92 meeting

[3] Chairman’s notes, RAN1#92bis meeting

[4] R1-1804436, Necessity for specifying UL SPS with repetition to support URLLC in Rel-15, Huawei, HiSilicon
[5] R1-1805163, UL SPS PUSCH performance and HARQ ambiguity resolution, Ericsson
