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1 Introduction
In current running MAC CR [1], the PDCCH with AUL C-RNTI is only used to convey AUL activation/release commands. On the other hand, the PDCCH with the normal C-RNTI is used to schedule dynamic transmissions, and to convey the NDI. Upon reception of the NDI, the UE can determine whether the UE shall perform a retransmission or a new transmission, depending on whether the NDI indicated in PDCCH is toggled or not.
The above behaviour is captured in MAC and reflects the RAN1 agreement. 
However, the above behaviour is prone to a certain ambiguity in the scheduling decision, because due to the nature of AUL, it may happen that the eNB cannot fully control whether to schedule a new transmission or a retransmission. 

In this contribution we show the drawbacks of current MAC implementation and propose a way forward.
2 Discussion

As mentioned in previous Section, in the current running MAC CR [1], the PDCCH with AUL C-RNTI is only used to convey AUL activation/release commands, and not to schedule retransmissions. In fact, the NDI is always set to ‘0’. This is different from the legacy SPS, since in SPS, the PDCCH with the SPS C-RNTI can be used both to activate/release the SPS (in which case the NDI is set to 0), and to explicitly schedule retransmission (in which case the NDI is set to 1).
On the other hand, in AUL, the PDCCH with the normal C-RNTI is used to schedule dynamic transmissions, and to convey the NDI. Upon reception of the NDI, the UE can determine whether the UE shall perform a retransmission or a new transmission, depending on whether the NDI indicated in PDCCH is toggled or not. This is also different from the legacy SPS, since in SP, the eNB can use the dynamic grant only to explicitly schedule new transmission. In fact, upon reception of the PDCCH with normal CRNTI, the UE always toggles the NDI, irrespective of the NDI value.
The legacy SPS behaviour is capture in the following:

	Legacy SPS behaviour:

-
if an uplink grant for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or

-
if an uplink grant for this TTI has been received in a Random Access Response:

-
if the uplink grant is for MAC entity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity’s Semi-Persistent Scheduling C-RNTI, for the MAC entity’s UL Semi-Persistent Scheduling V-RNTI, or a configured uplink grant:

-
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.
-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the SpCell and if an uplink grant for this TTI has been received for the SpCell on the PDCCH of the SpCell for the MAC entity’s Semi-Persistent Scheduling C-RNTI or for the MAC entity’s UL Semi-Persistent Scheduling V-RNTI:

-
if the NDI in the received HARQ information is 1:
-
consider the NDI for the corresponding HARQ process not to have been toggled;

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else if the NDI in the received HARQ information is 0:
-
if PDCCH contents indicate SPS release:

………………..
-
else:
………………….


Therefore, from the above it turns out that in AUL the handling of the normal C-RNTI and AUL C-RNTI is fundamentally different from the handling of the normal C-RNTI and SPS C-RNTI when SPS is configured.

Observation 1 In AUL, the current usage of normal C-RNTI and AUL C-RNTI is as follows:

a. the PDCCH with AUL C-RNTI is only used to convey AUL activation/release commands, not to schedule retransmissions.

b. the PDCCH with the normal C-RNTI is used to schedule dynamic transmissions, and to convey the NDI. Upon reception of the NDI, the UE can determine whether the UE shall perform a retransmission or a new transmission, depending on whether the NDI indicated in PDCCH is toggled or not.
Observation 2 In SPS, the legacy usage of normal C-RNTI and SPS C-RNTI is as follows:

a. the PDCCH with SPS C-RNTI can be used both to activate/release the SPS (in which case the NDI is set to 0), and to explicitly schedule retransmission (in which case the NDI is set to 1).
b. the PDCCH with the normal C-RNTI is only used to explicitly schedule new transmission. In fact, upon reception of the PDCCH with normal CRNTI, the UE always toggles the NDI, irrespective of the NDI value.
The consequence of this discrepancy between SPS and AUL is that in AUL, the eNB cannot explicitly control whether the UE shall perform a new transmission or a retransmission. This is because due to the nature of AUL scheme, the eNB might not know the value of the NDI that the UE is currently using. Therefore, it can happen that the eNB wishes to schedule a retransmission, but since the value of the NDI might be unknown to the eNB, the eNB ends up selecting an NDI which instead triggers a new transmission at the UE side.
This above issue is captured in the following Figure 1.
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Figure 1: Issue with current usage of normal C-RNTI to schedule retransmissions.
From the above figure, it is possible to see what might happen when there is a mismatch between the NDI used by the UE and the NDI that the eNB is assuming. At time T2, the UE sends a NACK and it expects that the UE will perform retransmissions. However, the following retransmission at time T3 is not detected by the eNB, therefore, the eNB might decide to send a SUL grant for retransmissions with NDI not toggled at time T5. However, in the meantime, the UE has already flushed the HARQ buffer at time T3, e.g. due to maximum amount of retransmissions, and at time T4 the UE performs a new AUL transmission with NDI toggled. This would imply that at time T5, the UE will not interpret the SUL grant as a grant for retransmission, rather for new transmission and it will discard the previous packet.
The above issue is due to the fact that the eNB cannot be fully in control of whether the UE shall perform a new transmission or a retransmission, due to the NDI mismatch that may occur with AUL operations.

Observation 3 In AUL operations, the NDI used by the UE might not be aligned with the NDI the eNB is assuming. The current usage of normal C-RNTI might lead to higher packet loss, since the eNB schedules with SUL a retransmission, but such SUL might be interpreted by the UE as a SUL grant for new transmission.
On the other hand, in our understanding, using an SPS-like approach is much more robust. The eNB can be fully in control on whether to schedule new transmission or retransmission. Any ambiguity on whether the grant is for retransmission or new transmission is resolved.

The benefit of using an SPS-like approach is illustrated in Figure 2.
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Figure 2: Benefit of using SPS-like scheduling approach.
From the above figure, we see that at time T5 the eNB schedule a retransmission by using the AUL C-RNTI and NDI=1, exactly as in SPS. Therefore, the UE will not discard the new packet transmitted at time T5, and at time T6 will perform a retransmission, rather than a new transmission as it happens in Figure 1. 
This is because with the SPS-like approach the eNB is always in control of whether the UE will perform a new transmission or a retransmission. There is no ambiguity of whether the grant is for a retransmission or a new transmission.

Observation 4 With the SPS-like approach the eNB is always in control of whether the UE will perform a new transmission or a retransmission, even in case of NDI mismatch. The result will be less number of packet loss in case of NDI mismatch.
2.1 TBS mismatch

In our understanding, the SPS-like approach is beneficial also to tackle the so-called TBS mismatch issue that was discussed in [2].
As depicted in Figure 3, if the normal C-RNTI is used to schedule new data, the TBS mismatch issue may arise. In fact, the eNB does not know at time T4, that the UE has already transmitted a new packet, and it may select a TBS which does not correspond to the TBS used by the UE at time T4 for AUL transmission. Therefore, rules should be specified to allow the UE to handle this TBS mismatch, e.g. the UE shall discard the SUL grant received at time T4 because of TBS mismatch with a previous AUL transmission.
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Figure 3: TBS mismatch when normal C-RNTI is used to schedule new transmission.
On the other hand, if the SPS-like approach is used there is no TBS mismatch, because as discussed in previous section, the eNB can explicitly schedule retransmissions, with no ambiguity. Hence, the eNB can use in the SUL grant for retransmission the same TBS scheduled for AUL. See below figure.
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Figure 4: TBS mismatch disappears with SPS-like approach.
From above Figure 4, it can be seen that at time T4 there is no TBS mismatch issue. The UE can process the SUL grant and there is no need to discard it.
Observation 5 By using the SPS-like approach the TBS mismatch disappears, i.e. no procedures to handle the case of TBS mismatch should be specified for the UE.
In our understanding, from the above observations, it turns out that the SPS-like approach is more robust when AUL operations are configured.

Therefore, we propose the following.

Proposal 1 As in SPS, use the normal C-RNTI to schedule new transmission, and the AUL C-RNTI to schedule retransmission (NDI set to 1) and to activate/release AUL (NDI set to 0).  
The above proposal implies that it shall be possible to set the NDI value in the PDCCH to both 0 and 1. However, currently the NDI can only be set to 0, as per RAN1 agreement. 

Proposal 2 Ask RAN1 to capture in their specifications that the NDI can be set either to 0 or to 1 when PDCCH with AUL C-RNTI is used. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
In AUL, the current usage of normal C-RNTI and AUL C-RNTI is as follows:
a.
the PDCCH with AUL C-RNTI is only used to convey AUL activation/release commands, not to schedule retransmissions.
b.
the PDCCH with the normal C-RNTI is used to schedule dynamic transmissions, and to convey the NDI. Upon reception of the NDI, the UE can determine whether the UE shall perform a retransmission or a new transmission, depending on whether the NDI indicated in PDCCH is toggled or not.
Observation 2
In SPS, the legacy usage of normal C-RNTI and SPS C-RNTI is as follows:
a.
the PDCCH with SPS C-RNTI can be used both to activate/release the SPS (in which case the NDI is set to 0), and to explicitly schedule retransmission (in which case the NDI is set to 1).
b.
the PDCCH with the normal C-RNTI is only used to explicitly schedule new transmission. In fact, upon reception of the PDCCH with normal CRNTI, the UE always toggles the NDI, irrespective of the NDI value.
Observation 3
In AUL operations, the NDI used by the UE might not be aligned with the NDI the eNB is assuming. The current usage of normal C-RNTI might lead to higher packet loss, since the eNB schedules with SUL a retransmission, but such SUL might be interpreted by the UE as a SUL grant for new transmission.
Observation 4
With the SPS-like approach the eNB is always in control of whether the UE will perform a new transmission or a retransmission, even in case of NDI mismatch. The result will be less number of packet loss in case of NDI mismatch.
Observation 5
By using the SPS-like approach the TBS mismatch disappears, i.e. no procedures to handle the case of TBS mismatch should be specified for the UE.


Based on the discussion in section 2 we propose the following:
Proposal 1
As in SPS, use the normal C-RNTI to schedule new transmission, and the AUL C-RNTI to schedule retransmission (NDI set to 1) and to activate/release AUL (NDI set to 0).
Proposal 2
Ask RAN1 to capture in their specifications that the NDI can be set either to 0 or to 1 when PDCCH with AUL C-RNTI is used.
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