[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK13][bookmark: OLE_LINK12]3GPP TSG RAN WG1 Meeting #94                          R1- 1808642
Gothenburg, Sweden, August 20th – 24th, 2018

Source:           ZTE
[bookmark: OLE_LINK16]Title:              Consideration on scheduling enhancement for NB-IoT
Agenda item:      6.2.2.3
Document for:     Discussion and Decision

1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #80 meeting, new WID RP-181451 on Rel-16 enhancements for NB-IoT was agreed [1]. One of the objectives is scheduling enhancement.
· [bookmark: OLE_LINK4][bookmark: OLE_LINK19][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· [bookmark: OLE_LINK43]Enhancement of SPS can be discussed.
[bookmark: OLE_LINK9]In this contribution, we discuss the scheduling enhancement for NB-IoT.
2 [bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK14][bookmark: OLE_LINK3]Discussion on with or without DCI scheduling
In some use cases, scheduling multiple DL/UL transport blocks can save signaling overhead, reduce the scheduling delay and improve the transmission efficiency. 
Two options can be considered for scheduling multiple DL/UL TBs:
· [bookmark: OLE_LINK52][bookmark: OLE_LINK50]Option 1: scheduling multiple TBs with DCI
· Option 2: scheduling multiple TBs without DCI
For Option 1, scheduling multiple TBs with DCI can significantly reduce the overhead in some scenarios which is beneficial for improving the transmission efficiency. Option 2 means SPS scheduling with multiple TBs, which is shown as method B in Figure 1. Generally, SPS is often used for periodic service and the scheduled packets are small. For SPS, if there is a need to schedule large packet, larger TBS (method C) or shorter SPS scheduling interval (method D) can be considered without specification impact. In this case, scheduling multiple TBs (method B) is not a good choice.
[image: ]
[bookmark: OLE_LINK24][bookmark: OLE_LINK17]Figure 1 Illustration of SPS, SPS with multiple TBs, SPS with single TB, and SPS with shorter period
[bookmark: OLE_LINK23]Observation 1: Compared with the legacy SPS, scheduling multiple TBs without DCI shows no obvious gain.
Proposal 1: Compared with scheduling multiple DL/UL transport blocks without DCI, study on scheduling multiple DL/UL transport blocks with DCI should be prioritized.
3 [bookmark: OLE_LINK54]Issues on scheduling multiple TBs with DCI for unicast
Issues related to specifying scheduling multiple TBs is mainly on DCI design and feedback mechanism.
3.1 DCI design issues
For DCI design of scheduling multiple TBs, the following aspects should be considered. 
· [bookmark: OLE_LINK41]Number of TBs
[bookmark: OLE_LINK32][bookmark: OLE_LINK27]In Rel-14 NB-IoT, 2 HARQ processes were supported. The maximum number of TBs scheduled by one DCI is limited by the maximum HARQ processes number. The maximum number of TBs shall be configured as 2. 
[bookmark: OLE_LINK28]When scheduling multiple TBs is configured for a UE, single TB scheduling also should be supported to fully adapt to different use cases. Dynamic switching between multi-TBs scheduling and single-TB scheduling can be considered. In other words, for multi-TBs scheduling, the minimum number of TBs can be equal to 1.
· [bookmark: OLE_LINK53]Scheduling pattern
Mixed scheduling and non-mixed scheduling can be considered for scheduling multiple TBs. Mixed scheduling means the new transmission TB and the retransmission TB can be scheduled by one DCI. Non-mixed scheduling means the scheduled TBs are either new transmission or retransmission. 
The mixed scheduling allows to transmit a new TB immediately, which can improve the transmission efficiency compared with non-mixed scheduling. For example, one of 2 HARQ processes is on the retransmission state. For non-mixed scheduling, the new transmission can start only after transmission and/or retransmission of previous multi-TBs scheduling are success. But for mixed transmission, the new transmission can be scheduled together with retransmission. Mixed scheduling saves the number of NPDCCHs and improve the transmission efficiency. However, the DCI design of mixed scheduling would be more complicated than that of non-mixed scheduling. 
For NB-IoT, considering the maximum number of HARQ processes is 2, the indication may be simple and signaling overhead may be small, the mixed scheduling can be considered to improve the transmission efficiency. 
· [bookmark: OLE_LINK44][bookmark: OLE_LINK20]Resource assignment
For multiple TBs scheduling in NB-IoT, frequency domain location of each TB can be the same. Time domain location of multiple TBs may be located in continuous or discontinuous valid subframe. The extra overhead may be needed to indicate the NPDSCH location for the discontinuous case. Only supporting continuous time domain location for multiple TBs scheduled by one DCI can save the DCI overhead.
· Modulation and coding scheme
[bookmark: OLE_LINK15]For mixed scheduling or non-mixed scheduling, new transmission and retransmission may have different BLER requirement, which may influence the DCI field design of resource assignment, MCS, and repetition number. 
The TBS is indicated by the DCI fields of MCS and resource assignment. MCS is also related to the modulation order determination. For multiple TBs scheduling, if MCS filed for each TB is indicated respectively, the DCI overhead would be much higher.
[bookmark: OLE_LINK45]Besides the aspects discussed above, there are some other issues related to the DCI design, such as the redundancy version and TPC. For mixed scheduling, different TB may need different redundancy version and TPC filed according to its corresponding transmission state (new transmission or retransmission). For non-mixed scheduling, same redundancy version and same TPC can be used for all TBs due to the same transmission state.
[bookmark: OLE_LINK39]For multi-TBs scheduling, a unified solution can be applied for DL and UL. 
[bookmark: OLE_LINK31]Proposal 2: For DCI design of scheduling multiple TBs, details such as the number of TBs, scheduling pattern, resource assignment and MCS should be further studied.
· [bookmark: OLE_LINK42]A unified solution can be applied for DL and UL multi-TBs scheduling.
3.2 Feedback mechanism
[bookmark: OLE_LINK40][bookmark: OLE_LINK35]Feedback mechanism can be divided into two types: bundled feedback and independent feedback. As shown in Figure 2, bundled feedback means the feedback of multiple TBs is transmitted on one subframe with one or multiple bits while independent feedback means the feedback of multiple TBs is separately transmitted on different subframe for each TB.
[image: feedback 3]
Figure 2. Illustration of bundled feedback and independent feedback
The bundled feedback mechanism is more suitable for non-mixed scheduling while the independent feedback mechanism is more suitable for mixed scheduling. These two types of feedback mechanism can be considered for scheduling multiple TBs in Rel-16.
[bookmark: OLE_LINK18][bookmark: _GoBack]For half duplex UEs, the bundled feedback mechanism can improve the transmission efficiency.
[bookmark: OLE_LINK22]Proposal 3: For scheduling multiple DL TBs for unicast, further study is needed on bundled feedback and independent feedback.
4 Issues on scheduling enhancement with DCI for SC-PTM
For NB-IoT, SC-PTM has been supported from Rel-14. Different from unicast, since feedback is not needed for SC-PTM, scheduling multiple TBs for SC-PTM only needs to study the DCI design. For DCI design for multi-TBs scheduling for SC-PTM, similar to that of unicast the number of TBs, and time domain resource assignment should be considered. Due to lack of retransmission, only non-mixed scheduling is considered for SC-PTM case. For scheduling multiple TBs for SC-PTM,    fields such as resource block assignment, MCS, repetition number and DCI subframe repetition number can be reused. Besides, extra field is needed to indicate the number of TBs.
[bookmark: OLE_LINK25][bookmark: OLE_LINK51][bookmark: OLE_LINK55]Proposal 4: For scheduling multiple TBs with one DCI for SC-PTM, the number of TBs needs to be indicated.
5 Conclusions
In this contribution, we have discussed the scheduling enhancement for NB-IoT. We make the following observations and proposals:
Observation 1: Compared with the legacy SPS, scheduling multiple TBs without DCI shows no obvious gain.
Proposal 1: Compared with scheduling multiple DL/UL transport blocks without DCI, study on scheduling multiple DL/UL transport blocks with DCI should be prioritized.
Proposal 2: For DCI design of scheduling multiple TBs, details such as the number of TBs, scheduling pattern, resource assignment and MCS should be further studied.
· A unified solution can be applied for DL and UL multi-TBs scheduling.
Proposal 3: For scheduling multiple DL TBs for unicast, further study is needed on bundled feedback and independent feedback.
Proposal 4: For scheduling multiple TBs with one DCI for SC-PTM, the number of TBs needs to be indicated.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]References
[1]  3GPP, RP-181451, New WID on Rel-16 NB-IoT, Ericsson, Huawei, RAN #80
image2.png
bundled
feedback

independent
feedback

N-PDCCH  DCI1

NPDSCH
NPUSCH

N-PDCCH  DCI1

NPDSCH
NPUSCH




image1.png
Activation

A. Legacy SPS

B. SPS with

_ T
‘i
|
mulvpletos NN |

C. SPS with
larger single TB

D. SPS with
shorter period -

id




