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Introduction
One of the objectives of the REL-14 NB-IoT enhancements work item is to reduce power consumption and latency. This can be achieved by supporting 2 HARQ processes in both downlink and uplink, and increasing the maximum transport block size (TBS) of NPDSCH and NPUSCH [1].
In this contribution, we analyze the impact of supporting two HARQ processes and increasing the maximum TBS of NPDSCH and NPUSCH on RAN2 and propose a solution to do that.
In [2] it is shown that the benefit of supporting 2 HARQ processes in NB-IoT, if there is any, does not justify the complexity in the standardization and the UE implementation it introduces. So we propose to keep the single HARQ process as defined in Rel-13, and instead further increase the maximum transport block size to cope with the higher data requirement. The decision is yet to be made in the coming WG1 meeting. For completeness purpose in this contribution we still provide the analysis on supporting two HARQ processes in layer 2 and 3. In case RAN1 decides to drop the two HARQ processes approach, the text provided in this contribution related to supporting of two HARQ processes should be ignored.
[bookmark: _Ref178064866]Discussion
In Rel-13, a NB-IoT UE is configured with one DL HARQ process and one UL HARQ process. In Rel14 once the two HARQ processes feature is activated by the NW for a UE in connected mode, the two independent HARQ processes should run in parallel. From RAN2 perspective there will be one more instance of HARQ process compared to Rel-13. However, the DL-SCH data transfer procedure and the UL-SCH data transfer procedure are not affected by this change. The main impact is on the connected mode DRX procedure which in Rel-13 is designed with the assumption that there is only one HARQ process. A more detailed discussion on the impact on the connected mode DRX is provided in a separate contribution [3].
In Rel-13, the maximum transport block sizes for NPDSCH and NPUSCH are defined as 680 and 1000 bits. In RAN1 meeting #86bis it has been agreed to increase the maximum TBS for NPDSCH and NPUSCH to 1352 and 1800 bits. From RAN2 perspective the DL-SCH data transfer procedure, the UL-SCH data transfer procedure and the DRX procedure are not affected by this change.
There is no impact on the DL-SCH data transfer procedure due to supporting two HARQ processes and increasing maximum transport block size.
There is no impact on the UL-SCH data transfer procedure due to supporting two HARQ processes and increasing maximum transport block size.
There is no impact on the DRX procedure due to the increase of maximum transport block size.
NB-IoT UE category NB1 can only support one HARQ processes on both downlink and uplink, support TBS up to 680 bits in downlink and 1000 bits in uplink, as defined in Rel-13. To support two HARQ processes and increased maximum TBS on both downlink and uplink and meanwhile maintain the backward compatibility to Rel-13 NB-IoT UE, a new NB-IoT UE category (Category NB2) is expected. A Rel-14 Category NB2 UE should also support Category NB1.
The parameter values for the new NB-IoT UE category, that is, the downlink physical layer parameter values, the uplink physical layer parameter values and the layer 2 buffer sizes, must be defined to match the increased number of HARQ processes and the increased maximum TBS for NPDSCH and NPUSCH. Some of the values (such as the total number of soft channel bits) are supposed to be decided by RAN1. For simplicity and to reduce the number of configuration options we propose the new Category NB2 UE should support both features simultaneously.
Introduce a new UE category (“Category NB2”) for Rel-14 NB-IoT UE that supports both two HARQ processes in downlink and uplink and larger maximum TBS for NPDSCH and NPUSCH. Wait for RAN1 decision on the actual parameter values for the new UE category.
[bookmark: _GoBack]A Category NB2 UE needs to report its category to the eNB so that it can be scheduled by the eNB to activate two HARQ processes in downlink and uplink, and receive or transmit transport block with larger size. Otherwise it will be considered as Category NB1 UE.
Until the UE capabilities are known the eNB considers the UE as a Category NB1 UE.
A new DCI format supporting multiple HARQ processes and larger TBS will probably be introduced in the physical layer. A UE for which the new features have been activated is only required to monitor the new DCI format in USS. During random access procedure either initiated by a PDCCH order or by the UE itself to request uplink resource, the UE should still monitor the legacy DCI format (N1) for RAR in RA CSS, as defined in Rel-13.
In the initial attachment procedure, a UE should, in the response to UE capability enquiry, report its UE category to the eNB. The reported UE category is then stored in the MME. After RRC Connection Setup Complete (Msg5) eNB can decide whether the Rel-14 feature should be activated or not, depending on the UE capability information either from the UE capability enquiry procedure or from the S1 message from the MME. In RRC resume procedure the UE capability will be known by the eNB as early as after reception of Msg3 where the Resume_ID is provided, making the full gains available afterwards.
For DoNAS UE, the UE capabilities would be known at first after the initial uplink payload is transmitted in Msg5, and hence only available for downlink and subsequent transmissions. 
The features of supporting two HARQ processes and larger maximum TBS can be enabled after msg3 or after msg5 depending on when the UE capabilities are known by the eNB.
In Rel-13 there is only one HARQ process. The detection of disorder RLC PDU on the receiver side should trigger a status report immediately so that a RLC retransmission can be scheduled. For this reason, the RLC reordering timer t-Reordering is set to 0. In the presence of two HARQ processes, the RLC PDUs may arrive at the receiver in different order probably due to retransmissions in the lower layers. Therefore, the RLC reordering timer should be set to some non-zero value and the status report should not be sent until the RLC re-ordering timer expires.
The RLC reordering timer t-Reordering should be set to a non-zero value to support data transfer on two HARQ processes.  The value range of the timer is FFS.

Conclusion
1. There is no impact on the DL-SCH data transfer procedure due to supporting two HARQ processes and increase of maximum transport block size.
There is no impact on the UL-SCH data transfer procedure due to the increase of maximum transport block size.
There is no impact on the DRX procedure due to the increase of maximum transport block size.
Until the UE capabilities are known the eNB considers the UE as a Category NB1 UE.
The features of supporting two HARQ processes and larger maximum TBS can be enabled after msg3 or after msg5 depending on when the UE capabilities are known by the eNB.
1. Introduce a new UE category (“Category NB2”) for Rel-14 NB-IoT UE that supports both two HARQ processes in downlink and uplink and larger maximum TBS for NPDSCH and NPUSCH. Wait for RAN1 decision on the actual parameter values for the new UE category.
1. The RLC reordering timer t-Reordering should be set to none zero value to support data transfer on two HARQ processes. The value range of the timer is FFS.
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