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Discussion and Decision

1
Introduction
A potential solution to reduce the impact of blind scheduling on UE power consumption was discussed at RAN2 meeting #69bis [2]. Because the proposed solution did not allow the eNB to distinguish the cases where UE buffer is empty from the cases where PDCCH allocation (UL grant) is missed, the proposal was not agreed. The purpose of this contribution is to investigate how the conditions under which the UE is allowed not to transmit can be defined so that the eNB can confidently conclude that the UE has nothing to sent.
2
Blind Scheduling

Blind scheduling consists in the eNB blindly allocating uplink resources to a UE even if the UE does not have any data to transmit. In this way when new data arrives in the UE buffer it can immediately be transmitted, with no need to transmit a Scheduling Request (SR) and wait for the corresponding UL grant. This significantly reduces the latency in the uplink. Blind scheduling is especially attractive in low load scenarios, where “waste” of uplink resources being allocated to users not needing them is not a major issue.
In Rel-8/9 a UE receiving an UL grant and having no data to transmit is mandated to transmit a MAC CE PDU with padding Buffer Status Report (BSR) indicating buffer filling level 0 (i.e. empty BSR) [1]. While receiving an empty BSR is useful for the eNB to clearly recognize the situation where a UE does not have any data to transmit in uplink, always requiring the UE to transmit an empty BSR might not be optimal in terms of UE power consumption, especially if the eNB is extensively using blind scheduling to reduce latency. In fact, even if the UE must anyway decode the PDCCH, there is a significant difference in UE power consumption between only receiving PDCCH and receiving PDCCH and transmitting data in uplink.
3
Skipping Uplink Transmissions
In [2] it was proposed to allow the UE to skip uplink transmissions when it has no data to send. The main disadvantage of this proposal – as discussed during RAN2 meeting #69bis – is that the eNB cannot distinguish the cases where the UE buffer is empty from the cases where the PDCCH allocation (UL grant) is missed.  To avoid this, the eNB must be able to control whether the UE, upon receiving an UL grant, and having neither user plane nor control plane data to transmit:

-
can ignore the UL grant and avoid uplink transmission on PUSCH; or

-
should (as in Rel-8/9) transmits a MAC CE PDU with empty BSR.
Introducing some kind of prohibit-timer would allow the eNB to exercise such control. For instance, after sending a padding BSR alone indicating buffer filling level 0 (i.e. empty BSR), the UE would be allowed to ignore UL grants during x TTI as long as it has no data to send, where x could be configured e.g. when setting x to 40ms, once the UE has sent a padding BSR with no other data, the UE will ignore all uplink grants during 40ms as long as it has no data to send.
4
Conclusion
In order to reduce the impacts of blind scheduling on UE power consumption while at the same limiting the uncertainty at the eNodeB on why there is no UL transmission, it is proposed that after sending a padding BSR alone indicating buffer filling level 0 (i.e. empty BSR), the UE would be allowed to ignore UL grants during x TTI as long as it has no data to send.
An example of the corresponding changes to MAC are given below where:
-
prohibitGrant-Timer is introduced;

-
prohibitGrant-Timer is started upon the first transmission of a MAC PDU containing zero MAC SDUs (same terminology as for SPS) but not originating from Msg3 buffer.
-
when running, prohibitGrant-Timer inhibits all grants for first transmissions of MAC PDU containing zero MAC SDUs except for msg3.

-
SPS release still works normally as the number of consecutive new MAC PDUs each containing zero MAC SDUs provided by the Multiplexing and Assembly entity on the Semi-Persistent Scheduling resource does not change.

Beginning of Text Proposal
5.4.2.1
HARQ entity

There is one HARQ entity at the UE, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for HARQ the feedback on the successful or unsuccessful reception of previous transmissions.

The number of parallel HARQ processes is specified in [2], clause 8.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process.

When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI 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 triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle.

For transmission of Msg3 during Random Access (see section 5.1.5) TTI bundling does not apply.

For each TTI, the HARQ entity shall:

-
identify the HARQ process associated with this TTI;

-
if an uplink grant has been indicated for this TTI:

-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or

-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;
-
if the MAC PDU originates from Msg3 buffer; or 

-
if the MAC PDU does not contain zero MAC SDUs; or

-
if prohibitGrant-Timer is stopped, expires or has expired:
-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.
-
if the MAC PDU contains zero MAC SDUs and does not originate from Msg3 buffer:

-
start prohibitGrant-Timer.
-
else:

-
stop prohibitGrant-Timer.
-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

When determining if NDI has been toggled compared to the value in the previous transmission UE shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.
End of Text Proposal
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