Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #83bis
Tdoc R2-133366
Ljubljana, Slovenia, 7th – 11th, October 2013
Agenda Item:
7.8
Source:
Ericsson
Title:
RAN2 impacts of eIMTA
Document for:
Discussion, Decision

1 Introduction
RAN1 has recently agreed on principles for eIMTA Time Division Duplex (TDD) schemes and informed other working groups on those principles with a liaison statement [1]. The purpose of this contribution is to discuss the impact of those agreements on RAN2 specifications. 
2 Discussion
The main principle of the eIMTA concept is to introduce two reference TDD configurations; one for uplink and another one for downlink. The purpose of the reference configurations is to determine timing for scheduling and HARQ feedback. Overlapping downlink subframes in both configurations are always used as downlink subframes and, similarly, overlapping uplink subframes are always used as uplink subframes. The rest of the subframes, i.e. those subframes that are uplink subframes in the uplink reference configuration and downlink subframes in the downlink reference configuration can be used in a flexible way either as uplink or downlink subframes. The UE is informed when a subframe is allocated for uplink direction by receiving a scheduling grant or from explicit L1 signaling. The concept of eIMTA reference configurations is illustrated in Figure 1 where downlink subframes are blue and uplink subframes are red.
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Figure 1 Illustration of flexible subframe configuration

2.1 Impact on Medium Access Control (MAC) protocol
The main impact of eIMTA in the MAC layer would be on DRX operation. Flexible subframes have an impact on this feature because the PDCCH monitoring requires knowledge of when the subframes are used for downlink direction.  In the current DRX operation, the UE needs to monitor PDCCH during Active time in so called “PDCCH subframes” and also the DRX timer counting is based on that. In subframes which are not PDCCH subframes, the UE can turn off its receiver.

One straightforward solution is to require PDCCH monitoring during Active time for all flexible subframes but exclude those subframes that are indicated as uplink subframes either with an uplink grant or explicit uplink signaling. This can ensure that flexible subframes can be used for downlink scheduling as much as possible. It is therefore proposed;  
Proposal 1 During Active time, UE shall monitor PDCCH for all flexible subframes that are not indicated as uplink subframes

In addition, the PDCCH subframe counting may be impacted by flexible subframes and therefore also DRX timer definitions may need some refinements. There could be at least three different alternatives for PDCCH subframe counting; 
1. Counting is based on the downlink subframes of the uplink reference configuration, or 
2. Counting is based on the union of downlink subframes of both uplink and downlink reference configurations.
3. Counting is based on the union of downlink subframes of both uplink and downlink reference configurations, extracting the subframes that are signaled as uplink subframes with L1 signaling.

The first alternative is simple. With this alternative, the minimum amount of scheduling opportunities with certain DRX timer lengths remain fixed. It should be also noted that with this alternative, the minimum amount of scheduling opportunities would remain the same for Rel-12 UEs and legacy UEs. Also the DRX counter maintenance would remain the same as the counters updates would follow the same rules as used for the legacy UEs following the TDD configuration in SIB1.  

The second alternative would be more advanced and follow the same principles as the TDD configuration scheme for SCells in REL-11. In this scheme, DRX timers need to be configured to rather long values so that minimum scheduling opportunities can be provided. 
In the third alternative, counting of PDCCH subframes would be the closest to the actual PDCCH monitoring. This principle would follow the current principles in the MAC specification for DRX operation. However, in the new scenario in Rel-12, these principles cannot be applied as link direction would be determined by L1 signaling. Since L1 signaling is generally not robust or it cannot be even guaranteed that the UE even monitors it, there is a risk that DRX timers get out of sync at the UE and eNB side which would not be acceptable. Because of this, it is preferable to use the first or the second alternative with static downlink subframes.

It can be assumed that power consumption is similar for alternative 1 and 2 as power efficiency in both cases is heavily dependent on the DRX settings. On the other hand, we believe that setting and maintaining the timers is easier in Alternative 1 and is closer to the legacy configurations. Because of this, Alternative 1 is preferable.
Proposal 2 For DRX timer counting, consider PDCCH subframes of the uplink reference configuration
2.2 Impact on Radio Resource Control (RRC) protocol
Currently Radio Resource Control (RRC) protocol broadcasts one TDD configuration in System Information Block Type1 (SIB1). The configuration can also be provided with mobility control information and contained in SIB2. A separate configuration is further added to provide a TDD configuration to the secondary cell for the sake of carrier aggregation.
In principle, there are two different alternatives for signaling of the reference configurations; broadcasting and dedicated signaling. In order to maintain backward compatibility with legacy terminals, it is necessary to broadcast one configuration anyway and therefore it seems reasonable to reuse the existing information element as uplink reference configuration. Moreover, reuse of the broadcasted configuration can ensure that the allocation of downlink subframes remains consistent with legacy TDD. 
It would further be undesirable to signal a separate uplink reference configuration because that would require handling of potential situations where the broadcasted configuration is different from the uplink reference configuration. So far RAN1 has not seen need for such flexibility. This does not exclude the possibility for introducing support for such a configuration later on if a need for the introduction of such configuration is identified. Finally, reuse of the existing configuration minimizes the complexity impact on the RRC protocol which is generally beneficial with respect to maintenance and evolution of the protocol. 
Proposal 3 Reuse the existing broadcast configuration as uplink reference configuration
So far the collective understanding of RAN1 is that the signaling of downlink reference configuration requires dedicated RRC signaling because broadcasting is more costly than dedicated signaling. It is also expected that all TDD capable terminals will not support eIMTA from the beginning or they are not configured for that feature all time which suggests that scarce broadcasting resources should not be used for downlink reference configuration. 
Another argument against broadcasting of downlink reference configuration is that then there would be two broadcast configurations. It would be desirable to avoid two broadcast configurations because they may create potential misconceptions regarding the configuration, i.e. a risk for misunderstandings on which one of the subframes is supposed to be flexible and which one of the subframes are always downlink subframes. It is therefore preferable to make use of dedicated signaling as outlined in the proposal below; 
Proposal 4 Introduce dedicated RRC signaling for downlink reference configuration
2.3 Terminology
The concepts of uplink and downlink reference configurations have been used during RAN1 discussions. If it is agreed to reuse the existing broadcast TDD configuration as the uplink reference configuration, there are no good reasons to introduce the concept of uplink reference configuration in RAN2 specifications. In that case, it is not necessary to make any distinction between uplink and downlink in the context of reference configurations. It should be sufficient to distinguish between the existing configuration and the downlink reference configuration. If the proposal to reuse the broadcast configuration is agreed, it is proposed to denote the “uplink reference configuration” as TDD configuration (i.e. the existing broadcast configuration) and the “downlink reference configuration” as secondary TDD configuration in RAN2 specifications.
Proposal 5 Denote the uplink reference configuration as TDD configuration and the downlink reference configuration as secondary TDD configuration
3 Conclusions
In this contribution, the impact of eIMTA on RAN2 specifications is addressed and the findings are captured in the below outlined proposals;
Proposal 1
During Active time, UE shall monitor PDCCH for all flexible subframes that are not indicated as uplink subframes
Proposal 2
For DRX timer counting, consider PDCCH subframes of the uplink reference configuration
Proposal 3
Reuse the existing broadcast configuration as uplink reference configuration
Proposal 4
Introduce dedicated RRC signaling for downlink reference configuration
Proposal 5
Denote the uplink reference configuration as TDD configuration and the downlink reference configuration as secondary TDD configuration


A text proposal to capture the impact of eIMTA on PDCCH monitoring and PDCCH subframe counting is presented for 36.321 in annex. 
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3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which, for FDD UE operation  the UE monitors the PDCCH in PDCCH-subframes, for TDD UE operation the UE monitors the downlink subframes and subframes including DwPTS of secondary TDD configuration.

mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the UE shall monitor the PDCCH after Msg3 is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL or DL user data transmission for this UE. For TDD UE operation, the number of consecutive PDCCH-subframe(s) is obtained from the downlink subframes and subframes including DwPTS of the TDD configuration of each serving cell.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received. For TDD UE operation, the number of consecutive PDCCH-subframe(s) is obtained from the downlink subframes and subframes including DwPTS of the TDD configuration of each serving cell.
drxShortCycleTimer: Specifies the number of consecutive subframe(s) the UE shall follow the Short DRX cycle.

drxStartOffset: Specifies the subframe where the DRX Cycle starts.

HARQ information: HARQ information consists of New Data Indicator (NDI), Transport Block (TB) size. For DL-SCH transmissions the HARQ information also includes  HARQ process ID. For UL-SCH transmission the HARQ info also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set of NDI and TB size for each transport block.

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE.

Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer and associated with the UE Contention Resolution Identity, as part of a random access procedure.
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle. For TDD UE operation, the number of consecutive PDCCH-subframe(s) is obtained from the downlink subframes and subframes including DwPTS of the TDD configuration of each serving cell.
PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured) or, for an RN with R-PDCCH configured and not suspended, to the R-PDCCH. 

PDCCH-subframe: Refers to a subframe with PDCCH. For FDD UE operation, this represents any subframe;
for TDD UE operation, if UE is capable of simultaneous reception and transmission in the aggregated cells, this represents the union of downlink subframes and subframes including DwPTS of all serving cells, except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the PCell is configured as a downlink subframe or a subframe including DwPTS.
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.

PRACH Resource Index: The index of a PRACH within a system frame [7]

Primary Timing Advance Group: Timing Advance Group containing the PCell.
ra-PRACH-MaskIndex: Defines in which PRACHs within a system frame the UE can transmit a Random Access Preamble (see subclause 7.3).
RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble.

Secondary Timing Advance Group: Timing Advance Group not containing the PCell. A Secondary Timing Advance Group contains at least one Serving Cell with an UL configured.
Serving Cell: A Primary or a Secondary Cell [8].

Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with an UL configured, using the same timing reference cell and the same Timing Advance value.

NOTE:
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value.
// next change //

5.7 Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH continuously. When using DRX operation, the UE shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

When a DRX cycle is configured, the Active Time includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation or indicated as uplink subframe for a TDD UE operation and if the subframe is not part of a configured measurement gap or for a TDD UE where the subframe is PDCCH subframe according to secondary TDD configuration but not according to the TDD configuration and Active Time is triggered only by onDurationTimer running:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.

-
in current subframe n, if the UE would not be in Active Time considering grants/assignments/DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

-
else:

-
in current subframe n, if the UE would not be in Active Time considering grants/assignments/DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not, the UE receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.

NOTE:
The same active time applies to all activated serving cell(s).

NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the UE should process it and restart the HARQ RTT Timer.
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