Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #102	R2-1807219
Busan, Republic of Korea, 21st – 25th May 2018

Agenda Item:	9.15.3
Source:	Ericsson
Title:	Repetition enhancements for UL SPS operation
Document for:	Discussion, Decision

1	Introduction
In RAN#79, a way forward on LTE HRLLC WI is agreed [1]. In particular, it is agreed that 
	· 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 this paper, we discuss how to support UL repetition for SPS from RAN2. 
[bookmark: _Ref178064866]2	Discussion
This discussion paper assumes we use K repetitions to meet the URLLC BLER target of 10^-5 within 1ms. 
To support the repetition scheme and for the MAC entity to properly distinguish the repetitive transmissions of two or more different TBs sent as a set of K repetitions, the HARQ process ID should be the same for each of the repeated TBs in the set. This is the same as NR agreements. 
[bookmark: _Toc510723091][bookmark: _Toc512868344][bookmark: _Toc513652345]For UL SPS, the same HARQ process ID is used for each repetition of the TB.
For synchronous UL HARQ, the eNB and UE expect that the same HARQ process ID is used every 8 subframes with 8 HARQ processes in parallel. It would be cumbersome to implement in the MAC spec support for the same HARQ process ID in consecutive subframes required for the K repetitions of the same transport block (TB) while also trying to maintain the concept of how the HARQ process ID increments modulo 8 when using synchronous UL HARQ. More importantly, since UL asynchronous HARQ has been introduced by sTTI and short processing time work item which targets low latency service (one metric for URLLC), UL SPS with repetition should also use asynchronous UL HARQ by default. 
[bookmark: _Toc510723092][bookmark: _Toc512868345][bookmark: _Toc513652346]UL HARQ operation for SPS UL with repetition is asynchronous.

In the chairman’s notes [2], RAN1 has narrowed down to three options: 
	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 guaranteed).


In what follows, we discuss how to support these options in the MAC spec. 
2.1	Option 1 and 3 
Option 1 is like eMTC-like repetition in UL and TTI bundling scheme. This requires a very minimal change in the MAC spec by adopting a similar text, see Section 3.1 for an example TP. 
[bookmark: _Toc512868346][bookmark: _Toc513652347]For option 1, adopt the text proposal from Section 3.1 in the running CR
Option 3 is similar but with a flexibility that the transmission can start at any time, see Section 3.2 for an example TP.
[bookmark: _Toc512868347][bookmark: _Toc513652348]For option 3, adopt the text proposal from Section 3.2 in the running CR
2.2	Option 2
[bookmark: _Ref189046994]One benefit of option 2 is that it can achieve a lower latency since it has a smaller alignment delay (i.e. delay from arrival of the data until it is transmitted). Thus, we should support a configuration where the UE is able to start transmitting a TB in any TTI. In addition, if the eNB configures K repetitions per TB, it means that K repetitions are desired from the reliability aspect. Thus, the UL SPS repetition scheme should also guarantee that K repetitions are performed. In conclusion, we should support a configuration where the UE is able to start transmitting a TB in any TTI and guarantee the configured number of repetitions K are sent using consecutive TTI without concern for crossing sub-frame borders, i.e., option 2. See the following figure for an example. 


Figure 1 repetition configuration example
Option 2 is the most flexible approach and requires more changes in the MAC specification. The complexity here is that the transmission can start any point, but the number of transmissions is guaranteed.  But, we do not see challenges in supporting this in MAC spec. A companion draft CR is in [3]. 

In pre rel-14 with a large SPS periodicity of a multiple of 10 ms, non-adaptive retransmissions at n+8 would use non-SPS resources. In rel-14, with a small SPS periodicity, there is an increase chance that the non-adaptive retransmission would overlap with SPS resources. Thus, we have introduced the mechanism of non-adaptive TB retransmission on SPS resources when received HARQ_FEEDBACK from PHY layer is NACK. This mechanism can be re-used to support a guaranteed number of TB repetitions in the MAC specification for URLLC based operation. In addition, it should be noted that the use of K repetitions considered herein addresses the one shot URLLC use case for which a 1ms delay attribute applies and therefore eliminates the possibility of a UE receiving HARQ feedback for determining whether or not TB retransmission is needed.
By setting the HARQ_FEEDBACK to NACK directly in the MAC layer after each of the K repetitions, a non-adaptive TB retransmission (equivalent to one of the K repetitions) on the SPS resources is initiated until all K repetitions of the TB have been sent. After the Kth repetition the HARQ_FEEDBACK is then set to ACK so that new data (new TB) can be transmitted. 
Since the MAC layer’s direct setting of HARQ_FEEDBACK after each of the K repetitions is valid in the next TTI for the same HARQ process (instead of in eight TTIs in the legacy synchronous UL SPS), this enables the desired back-to-back repetitive transmissions (i.e. the UE does not wait for actual HARQ feedback from the eNB). 
[bookmark: _Toc510723093][bookmark: _Toc512865485][bookmark: _Toc512867468][bookmark: _Toc512868266][bookmark: _Toc512868341][bookmark: _Toc513652342]Repetition in UL SPS can be modelled as non-adaptive re-transmission on SPS resources introduced in rel-14.

To support option 2 also stated in RAN1 chairman’s notes, the configuration is as follows, and this results in a need to re-define the HARQ process to TTI mapping formula calculation rule. It is natural that the HARQ process to TTI mapping formula must be updated to include the number of repetitions, ULSPSRepetitionFactor in the following formula. The result of the formula is depicted in the figure.


[bookmark: _Toc510723094][bookmark: _Toc512865486][bookmark: _Toc512867469][bookmark: _Toc512868348][bookmark: _Toc513652349]To support option 2, adopt the following HARQ process ID formula: 
[bookmark: _Toc510723095][bookmark: _Toc512868267][bookmark: _Toc512868349][bookmark: _Toc513652350]HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL/ULSPSRepetitionFactor)] modulo numberOfConfUlSPS-Processes,

In order to support that the UE sends a configurable number of repetitions, a counter for the number of transmitted repetitions can be introduced. If the number of repetitions has not reached the configured number, then the HARQ_FEEDBACK is set to NACK. Otherwise the HARQ_FEEDBACK is ACK. In this way, the number of repetitions can be guaranteed. 
[bookmark: _Toc510723097][bookmark: _Toc512865488][bookmark: _Toc512867470][bookmark: _Toc512868268][bookmark: _Toc512868342][bookmark: _Toc513652343]To guarantee a configured number of repetitions, a counter for the number of transmitted repetitions can be introduced. 
[bookmark: _Toc510094121][bookmark: _Toc510723098][bookmark: _Toc512865489][bookmark: _Toc512867471][bookmark: _Toc512868269][bookmark: _Toc512868343][bookmark: _Toc510094235][bookmark: _Toc510097015][bookmark: _Toc510097059][bookmark: _Toc510537920][bookmark: _Toc510683991][bookmark: _Toc513652344]When the counter reaches the configured number of repetitions HARQ feedback is considered to be ACK, but before that it is considered to be NACK. 
[bookmark: _Toc512868350][bookmark: _Toc513652351]For option 2, adopt the text proposal from R2-1807220 in the running CR. 

3	Text Proposal
3.1	Text proposal for option 1
[bookmark: _Toc494136292]5.4.2.1	HARQ entity
--- Unchanged text omitted ---
For serving cells configured with pusch-EnhancementsConfig, NB-IoT UEs, BL UEs or UEs in enhanced coverage, the parameter UL_REPETITION_NUMBER provides the number of transmission repetitions within a bundle. For each bundle, UL_REPETITION_NUMBER is set to a value provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to UL_REPETITION_NUMBER. An uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. A retransmission of a bundle is also a bundle.
For UEs configured with ULSPSRepetitionFactor, the parameter ULSPSRepetitionFactor provides the number of transmission repetitions within a configured grant bundle. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to ULSPSRepetitionFactor.
TTI bundling is not supported for RN communication with the E-UTRAN in combination with an RN subframe configuration.
--- Unchanged text omitted ---
3.2	Text proposal for option 3
5.4.2.1	HARQ entity
--- Unchanged text omitted ---
For serving cells configured with pusch-EnhancementsConfig, NB-IoT UEs, BL UEs or UEs in enhanced coverage, the parameter UL_REPETITION_NUMBER provides the number of transmission repetitions within a bundle. For each bundle, UL_REPETITION_NUMBER is set to a value provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to UL_REPETITION_NUMBER. An uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. A retransmission of a bundle is also a bundle.
For UEs configured with ULSPSRepetitionFactor, the parameter ULSPSRepetitionFactor provides the number of transmission opportunties for a configured grant bundle. From the start of the bundle, at each TTI, HARQ entity obtains MAC PDU to transmit from the "Multiplexing and assembly" entity. If not obtained, the grant is ignored. If obtained at a given TTI, the bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission from this TTI to the end of the bundle. Within this period, HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions.
TTI bundling is not supported for RN communication with the E-UTRAN in combination with an RN subframe configuration.
--- Unchanged text omitted ---
Conclusion
In the previous sections we made the following observations: 
Observation 1	Repetition in UL SPS can be modelled as non-adaptive re-transmission on SPS resources introduced in rel-14.
Observation 2	To guarantee a configured number of repetitions, a counter for the number of transmitted repetitions can be introduced.
Observation 3	When the counter reaches the configured number of repetitions HARQ feedback is considered to be ACK, but before that it is considered to be NACK.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For UL SPS, the same HARQ process ID is used for each repetition of the TB.
Proposal 2	UL HARQ operation for SPS UL with repetition is asynchronous.
Proposal 3	For option 1, adopt the text proposal from Section 3.1 in the running CR
Proposal 4	For option 3, adopt the text proposal from Section 3.2 in the running CR
Proposal 5	To support option 2, adopt the following HARQ process ID formula:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL/ULSPSRepetitionFactor)] modulo numberOfConfUlSPS-Processes,
Proposal 6	For option 2, adopt the text proposal from R2-1807220 in the running CR.
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