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Introduction
On UL SPS, RAN2 has agreed that 
	· A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB through RRC signalling.


In addition, RAN1 [2] has agreed that 
	· 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
· 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



In addition, two targeted reliability and latency requirements are agreed be evaluated [3]: 
	· 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.
· 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.



[bookmark: _Ref178064866]In this paper we assume URLLC scenarios for which HARQ retransmissions are also possible in light of the applicable URLLC delay requirement (i.e. TB repetitions and a limited number of TB retransmissions together are used to realize URLLC reliability targets). For example, this is relevant for the case where the requirement is 10-4 error probability within 10ms. More specifically, for these scenarios we discuss an error case due to the lack of PHICH in UL SPS. This error may lead to that the URLLC delay requirement is not satisfied and we then propose some reliability enhancements.  Compared to the last version, this paper has been updated with the recent agreements on UL SPS.
Discussion
[bookmark: _Ref189046994]For UL SPS sTTI, it has been agreed that “PHICH-less asynchronous UL HARQ for sPUSCH is supported” and “RAN2 sees benefits to support SPS for short TTI”. In addition, RAN1 agreed that “PHICH-less asynchronous HARQ for UL is used for 1ms TTI with shortened processing time”. These latency-reduction techniques are essential tools and building blocks to further increase the reliability for URLLC based data transmissions since more retransmissions can possibly happen within a restricted latency-budget. 
[bookmark: _Toc498413672][bookmark: _Toc498447395][bookmark: _Toc498447457][bookmark: _Toc498447556][bookmark: _Toc498447623][bookmark: _Toc498538542][bookmark: _Toc506298579][bookmark: _Toc506456547][bookmark: _Toc506473682][bookmark: _Toc506473687][bookmark: _Toc506473690][bookmark: _Toc508720953][bookmark: _Toc510086327][bookmark: _Toc510086599][bookmark: _Toc510086686][bookmark: _Toc510086854][bookmark: _Toc510538681][bookmark: _Toc510538742][bookmark: _Toc510698280][bookmark: _Toc510721553][bookmark: _Toc510721557]PHICH-less UL SPS for short TTI and 1ms TTI with short processing time can be used for URLLC.
In UL SPS transmission with SkipUplink being configured in LTE, eNB does not expect a transmission in every resource specified by the configured grant, and thus does not react if a transmission is not detected at eNB. In order to cover the potential error case that the not-detected transmission attempt was actually a non-decodable transmission, LTE rel-14 assumes that the eNB reacts to that with sending a NACK on PHICH, and only sends an ACK on PHICH if an UL MAC PDU is correctly received.  In other words, an eNB can be expected to always send NACK on PHICH unless an MAC PDU is successfully received. On the UE side, UE only inspects PHICH channel after it has completed an UL transmission, and acts accordingly. 
Considering the high reliability requirements of URLLC data transmissions and noting that the PHICH channel will not be supported for sTTI based uplink transmissions, RAN2 needs to investigate how to support asynchronous UL HARQ without PHICH for the case of SPS for short TTI and 1ms TTI with short processing time for the case where the URLLC delay attribute is long enough to allow for at least one HARQ based retransmission. If SkipUplink is configured and there is no PHICH channel, then eNB does not react if a transmission is not detected. Thus, UE cannot be certain whether the initial UL transmission has been correctly detected or not. 
According to the current MAC specification, if the UL transmission is mis-detected at the eNB and there is no PHICH channel, then a new MAC PDU (if any) will be obtained from the “Multiplex and assembly” entity, i.e., the UE assumes that the transmission is successfully decoded at eNB. 
[bookmark: _Toc498413673][bookmark: _Toc498447396][bookmark: _Toc498447458][bookmark: _Toc498447557][bookmark: _Toc498447624][bookmark: _Toc498538543][bookmark: _Toc506298580][bookmark: _Toc506456548][bookmark: _Toc506473683][bookmark: _Toc506473688][bookmark: _Toc506473691][bookmark: _Toc508720954][bookmark: _Toc510086328][bookmark: _Toc510086600][bookmark: _Toc510086687][bookmark: _Toc510086855][bookmark: _Toc510538682][bookmark: _Toc510538743][bookmark: _Toc510698281][bookmark: _Toc510721554][bookmark: _Toc510721558]For an UL SPS without PHICH and configured with SkipUplink, if the UL transmission is mis-detected, then UE assumes that the UL transmission is successful while eNB may not receive it at all. 
[bookmark: _Toc498413744][bookmark: _Toc498413773][bookmark: _Toc506473693][bookmark: _Toc510721561]For an UL SPS without PHICH and configured with SkipUplink, RAN2 should ensure the URLLC reliability performance is realized considering that UL transmission can be mis-detected at eNB.

One solution is to rely on the UL SPS repetition scheme with multiple UL transmissions per TB so that the probability of missing all of them is small. Thus, the mis-detection probability is considered when configuring the number of repetitions. However, it is not clear yet whether the configured number of repetitions can be guaranteed from the RAN1 agreement, i.e., “RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed”.
[bookmark: _Toc510538683][bookmark: _Toc510538744][bookmark: _Toc510698282][bookmark: _Toc510721555][bookmark: _Toc510721559]An UL SPS with K repetitions can ensure the reliability performance, but it is not clear yet whether the configured number of repetitions can be guaranteed.

Another solution is to perform an autonomous retransmission if no feedback is received from the eNB within a pre-determined time window. This solution has the advantage of allowing for at least one TB retransmission when the URLLC delay attribute is large enough to make retransmission feasible.
The concept of an additional timer for this pre-determined time window was proposed for LTE LAA AUL and for NR UL SPS. But this is not strictly necessary in LTE UL SPS. There is already a formula to derive the HARQ ID for UL SPS. The autonomous retransmission can be on the next time occasion when the same HARQ ID is configured to transmit according to the formula. Note that the HARQ ID formula has already considered the eNB processing time. 
The error case to cover is that the initial transmission (RV 0) is miss-detected at the eNB. Incremental-combining scheme with a different redundant version does not help since the later received RV 2, 3 and 1 are not self-decodable, and we should re-transmit with the same RV 0. 
[bookmark: _Toc498413745][bookmark: _Toc498413774][bookmark: _Toc506473694][bookmark: _Toc510086857][bookmark: _Toc510538684][bookmark: _Toc510538745][bookmark: _Toc510698283][bookmark: _Toc510721556][bookmark: _Toc510721560]One solution to ensure reliability performance is: after an initial TB transmission of a HARQ process in UL SPS, the eNB can configure the UE to, if no feedback has been received until the time when the same HARQ ID is configured to transmit, re-transmit the TB on the configured UL grant with the same RV 0. 
We also need to clarify what types of feedbacks the UE should be expecting. As in the current specification TS 36.321 V15.0, the following feedbacks might be expected at the UE. For the same HARQ process, a dynamic UL-grant scrambled with C-RNTI overrides the SPS configured grant and transmits new data. For the same HARQ process, a dynamic UL-grant scrambled with SPS C-RNTI with NDI set to ‘1’ triggers a retransmission. A dynamic UL-grant scrambled with SPS C-RNTI with NDI set to ‘0’ triggers SPS activation/release.
However, in addition, UE needs an explicit indication that HARQ_FEEDBACK is a positive ACK from the physical layer. Otherwise, UE may keep transmitting. On the other hand, an explicit HARQ NACK feedback is not necessary since UE would re-transmit autonomously. Note that, only PDCCH-based feedback can be sent due to the lack of PHICH. 
If the number of repetitions in UL SPS cannot be guaranteed, then it is beneficial to introduce an explicit positive HARQ ACK feedback.
[bookmark: _Toc506473695][bookmark: _Toc510721562]If there does not exist an UL SPS repetition configuration where the configured number of repetitions is guaranteed, an explicit positive HARQ ACK feedback for asynchronous UL HARQ in SPS is beneficial for a URLLC requirement where one retransmission is allowed. 
Conclusion
In section 2 we made the following observations:
Observation 1	PHICH-less UL SPS for short TTI and 1ms TTI with short processing time can be used for URLLC.
Observation 2	For an UL SPS without PHICH and configured with SkipUplink, if the UL transmission is mis-detected, then UE assumes that the UL transmission is successful while eNB may not receive it at all.
Observation 3	An UL SPS with K repetitions can ensure the reliability performance, but it is not clear yet whether the configured number of repetitions can be guaranteed.
Observation 4	One solution to ensure reliability performance is: after an initial TB transmission of a HARQ process in UL SPS, the eNB can configure the UE to, if no feedback has been received until the time when the same HARQ ID is configured to transmit, re-transmit the TB on the configured UL grant with the same RV 0.

Based on the discussion in section 2 we propose the following:
Proposal 1	For an UL SPS without PHICH and configured with SkipUplink, RAN2 should ensure the URLLC reliability performance is realized considering that UL transmission can be mis-detected at eNB.
Proposal 2	If there does not exist an UL SPS repetition configuration where the configured number of repetitions is guaranteed, an explicit positive HARQ ACK feedback for asynchronous UL HARQ in SPS is beneficial for a URLLC requirement where one retransmission is allowed.
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