3GPP TSG RAN WG1 Meeting #93 
R1-1806902
Busan, Korea, May 21st – 25th, 2018
Agenda Item:
7.1.3.3.4
Source:
Huawei, HiSilicon
Title:
PUSCH reliability for URLLC
Document for:
Discussion and decision

1 Introduction
In RAN2#100 and RAN1#91 meetings, the following agreements on grant-free (GF) design and PUSCH repetition were achieved [1][2]:

Agreement in RAN2#100 meeting:
· From RAN2 perspective, at most one type 1 configuration is active at a time (e.g. one type 1 configuration per active BWP) per cell at least for Dec. freeze.

· Type 1 resource configuration can be configured per BWP and RRC configuration for SPS can be configure per BWP.  A common RNTI for SPS and type 1 is configured per MAC entity.

· From RAN2 perspective, a timer T is introduced.  While the timer is running the UE does not use the SPS or Type 1 resource for new transmission for this HARQ process (e.g. UE assumes ACK if the timer is not running).  

Agreement in RAN1#91 meeting:
· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P

Based on the above agreements, in this contribution, we further discuss the PUSCH reliability enhancement for URLLC, including grant-based (GB) PUSCH transmission and GF PUSCH transmission.
2 Reliability enhancement for GB PUSCH transmission 

2.1 Power control to meet different BLER requirements
As NR will support various services with different reliability requirements, the target BLER of PUSCH, especially for HARQ-ACK should be able to change dynamically to accommodate the different reliability requirements of PDSCH. Meanwhile, even for the same service, the target BLER should be set flexibly according to the remaining time budget. For example, the target BLER of the HARQ-ACK needs to be small enough, e.g., 10-5, if only one transmission opportunity is available. By contrast, in case of three transmission opportunities, target BLERs maybe 10-1, 10-3 and 10-5 for the first, second and third transmissions, respectively. 
On the other hand, as agreed in the current specification [3], if the PUSCH transmission is in response to a PDCCH decoding with DCI format 0_0, DCI format 0_1, or DCI format 2_2, having CRC parity bits scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, there is 2-bit TPC command field with the corresponding accumulated or absolute value 
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 for power control adjustment. As shown in Table 7.1.1-1 in [3], absolute 
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 can take the values of -4 dB, -1 dB, 1 dB and 4 dB. However, the gap of required SINR for different target BLERs is very large, up to ~11 dB for target BLER of 10-1 and 10-5 in fading channel with realistic channel estimation. Therefore, the current closed loop power control mechanism cannot trace the change of BLER requirements dynamically and compensate the change of required transmission power efficiently.
Table 7.1.1-1 in [3]: Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, having CRC parity bits scrambled by TPC-PUSCH-RNTI, or DCI format 2_3 , to absolute and accumulated 
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There are two methods to solve the above problem. The first method is to increase the range of the accumulated
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, e.g., modify the entries of Table 7.1.1-1 or extend the TPC command with more bits. Alternatively, multiple sets of power control parameters (at least including P0 and alpha) can be configured for different services, and the parameter set can be selected dynamically by the DCI either explicitly or implicitly.
Table 1 Modified mapping of TPC command field to the accumulated and absolute
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Table 2 Extended TPC command field values and the corresponding accumulated and absolute 
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Table 1 shows an example of the modification of accumulated and absolute 
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 corresponding to each TPC command field. For eMBB, either Table 1 REF _Ref502321463 \h  \* MERGEFORMAT 
 or the current table, i.e., Table 7.1.1-1 in 38.213, can be used. For URLLC, Table 1 is more suitable. If two types of traffic use different tables, a DCI signaling should be sent to tell UE which table to use when adjusting power control parameter. The DCI signaling could be a new DCI field or a new DCI format. However, considering the requirement of URLLC reliability may become more stringent, e.g. up to 99.999%, the range of the accumulated and absolute 
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 should be further enlarged. To this end, it may be beneficial to directly extend the TPC command from 2 bits to 3 bits, and update the table as shown in Table 2.

In addition, the method of enlarging the range of the accumulated and absolute and absolute 
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and dynamically selecting the power control parameter set (at least including P0 and alpha) by DCI signaling explicitly or implicitly is also suitable for PUSCH considering different BLER requirements.
Proposal 1: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically
3 Reliability enhancement for GF PUSCH transmission

Given the current agreements on UL transmission without grant (“GF” in short in the text below), in this section, we further discuss the issues on reliability enhancement for GF PUSCH transmission, especially some aspects on HARQ feedback, repetitions, multiple configurations per BWP, as well as inter-repetition hopping.
3.1 Explicit HARQ-ACK feedback
In RAN2#100 meeting [1], a Timer-based HARQ-ACK feedback mechanism is introduced, where a UE shall assume ACK when a pre-defined Timer expires. This kind of implicit HARQ-ACK feedback mechanism can help to reduce the signaling overhead compared with explicit HARQ feedback in case a small repetition number K is configured and the TB is with high probability to be successfully decoded. However, for reliability-critical services with moderate requirement on latency, this implicit HARQ-ACK feedback mechanism is not suitable anymore due to the following reasons:
· when the gNB fails to decode the TB or even miss-detects all the repetitions, autonomous retransmission of the TB will not be triggered, or even it is triggered as a “new” transmission, the gNB will have no knowledge to combine the “new” transmission with the previous receptions of the same TB. Either case reduces the transmission reliability.
· when the UE is configured with a larger repetition number K but the TB is successfully decoded by gNB at the reception of a first small number of repetitions, then the rest repetitions will cause severe interference to other UEs sharing the same T/F resources, which brings harm to the reliability of other UEs.
Based on above analysis, to improve GF PUSCH reliability, an explicit HARQ-ACK indication is still needed to serve as an acknowledgement of successful decoding of a TB. Both group common DCI or UE-specific UL grant can be used for HARQ-ACK indication. 
· In case of UE specific DCI, a DCI scrambled with CS-RNTI carrying NDI=0 without special fields setting can be used for indicating ACK. This is useful when gNB needs to schedule a UE with link adaptation by UL grant.

· In case of group common DCI, LTE DCI format 3/3A can be starting point for indicating ACK/NACK for a group of UEs. This is particularly useful for signaling overhead reduction while the NACKed UEs can simply keep repetitions.
Proposal 2: NR should support the network to send during or after K repetitions an explicit HARQ feedback indicating ACK to a UE performing UL transmission without UL grant. 
· Both group common DCI and UE-specific DCI for HARQ-ACK indication are supported.
3.2 Repetitions
It is agreed in RAN1#91 meeting [2] that the repetitions of a TB can start at multiple Transmission Occasions (TOs) but must end at the last of the K TOs within the period P. Flexible starting of the repetitions can help to reduce the queuing time of a TB while ending the repetitions at the last of the K TOs can remove the ambiguity on HARQ ID calculation even if some of the repetitions are miss-detected. 

According to the agreement, if the repetitions of a TB start at the TOs other than the first TO within the period P, the actual repetition number of the TB will be less than the configured number K. However, when a UE is configured with a repetition number K, the UE is expected to transmit as many repetitions as possible as the reliability could be an issue if the actual repetition number is much less than K, especially for reliability-critical services. In this sense, to guarantee a robust transmission, more repetitions should be transmitted as long as the total repetition number hasn’t reached K. To achieve this, the gNB can always configure RV sequence of {0231} as for this RV sequence, repetitions can only start at the first of the K TOs; or the UE can choose not to start the repetitions in the period if less than K TOs are available within the period when the TB arrives but start the repetitions at the first TO in the following period, as illustrated in Figure 2. However, either case will increase the queuing time of the TB if the arrival of the TB misses the first TO within a period, which is not acceptable for the service with extreme-low latency requirement.
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Figure 1 Illustration of the case in which K repetitions are guaranteed but more latency is introduced
Another way to improve transmission reliability by increasing the actual repetition number while introducing no extra queuing delay can be considered as follows. It is agreed in last RAN1 meeting [2] that for grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. In this case, when P is larger than the time duration for the transmission of K repetitions, additional TOs can be configured within the period and used for the transmission of the rest repetitions if the actual repetition number hasn’t reached K by the end of the first K TOs within the period. To remove the potential ambiguity on HARQ ID calculation, the repetitions are also expected to be ended at the last additional TO within the period even if the actual repetition number by then is still less than K. Moreover, considering that the period P can be much larger than the time duration for K repetitions, to improve the resource utilization efficiency, the additional TOs can only be used for the rest of the repetitions, in other word, the starting of the repetitions can only use the first K TOs within the period and follows the same rule agreed in last RAN1 meeting [2]. 

Figure 3 shows examples of using additional TOs for the rest of the repetitions, where K is set to 4, RV sequence is {0000}, and P is set to 8 slots in 3(a) and 5 slots in 3(b), respectively. As illustrated in Figure 3(a), the repetitions of the TB start at the last of the first K TOs within the period, and three more repetitions are transmitted using the following three additional TOs, so in total K=4 repetitions are transmitted. In Figure 3(b), since only one additional TO is available, in total two repetitions are transmitted, which improves the reliability compared with transmitting only one repetition. 
[image: image19.emf] 

3(a)

... ...

P

0

0 0

0

0 0 0 0

0

Data arrival

The first K TOs 

within the period

One repetition of a TB

0 0 0 0

3 repetitions 

at additional TOs

Additional TOs 

within the period

... ...

P

0 0

0

0

0 0 0 0 00 0

1 repetition 

at additional TO

3(b)

0

0

0

0


Figure 2 Illustration of using additional TOs for the rest of the repetitions
Proposal 3: Using additional TOs for the transmission of the rest repetitions can be supported to improve the transmission reliability.
3.3 Multiple configurations per BWP

It is agreed in RAN2#100 meeting [1] that at most one Type 1 GF configuration is active at a time, i.e., one Type 1 configuration per active BWP. However, in our view, from single UE perspective, multiple configurations with different transmission parameters per active BWP allows UE to select a configuration with proper parameters for more robust transmission. For example, for reliability-critical services, if the UE is configured with multiple configurations with different MCS levels, repetition number K, or T/F resource size, the UE can use the configuration with lower MCS level, larger T/F resource size, or larger K to guarantee the transmission reliability.
Proposal 4: A UE can be configured with multiple GF resource configurations within a serving BWP. 

· If multiple GF data are triggered, it is up to RAN2 to decide the rule which GF data should be transmitted and on which configuration.
3.4 Inter-repetition hopping

Inter-repetition hopping for grant-free transmission can improve the reliability and can be implemented using the inter-slot frequency hopping (FH) at least for the case of repetition at different slots. In LTE type 2 FH, the hopping pattern is based on a pseudo random sequence corresponding to different sub-band index at different slots. The pseudo random sequence is initialized using cell ID. However, for grant-free transmission, UE specific hopping pattern is needed to avoid persistent collision during repetition in addition to the frequency diversity. Therefore, grant-free inter-repetition hopping can also support similar mechanism to LTE type-2 hopping design except the pseudo random sequence is initialized by a function of UE ID in addition or instead of cell ID. For example, the UE ID can be the GF RNTI.
Proposal 5: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern initialized by a UE ID.
4 Conclusions 
In this contribution, we discuss the PUSCH reliability enhancement for URLLC. Observations and proposals are given as follows.
Proposal 1: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically
Proposal 2: NR should support the network to send during or after K repetitions an explicit HARQ feedback indicating ACK to a UE performing UL transmission without UL grant. 
· Both group common DCI and UE-specific DCI for HARQ-ACK indication are supported.

Proposal 3: Using additional TOs for the transmission of the rest repetitions can be supported to improve the transmission reliability.
Proposal 4: A UE can be configured with multiple GF resource configurations within a serving BWP. 

· If multiple GF data are triggered, it is up to RAN2 to decide the rule which GF data should be transmitted and on which configuration.
Proposal 5: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern initialized by a UE ID.
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