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1 Introduction
Uplink spatial multiplexing is a Rel-10 feature which mainly impacts the L1 functionality of the UE, but since there can be up to two Transport Blocks (TB) per TTI there will also be some impact on L2 functionality. This discussion paper analyzes the impact on the MAC protocol from introducing UL spatial multiplexing in Rel-10.
2 Discussion

2.1 Impact on MAC 
2.1.1 Impact on DL data transfer and HARQ

In the current version of the MAC specification [1], functionality for handling of multiple TBs in the DL was introduced in the chapter of DL Data transfer, in Rel-8. 

In the current version of the specification [1] the DL data transfer chapter does not distinguish between DL and UL spatial multiplexing, and as only DL-SM is supported in that release there is no ambiguity. However when introducing UL-SM in Rel-10, the DL data transfer chapter needs to be updated to more precisely refer to downlink spatial multiplexing in order to avoid ambiguity.

Proposal 1 Clarify that “spatial multiplexing” in 36.321 chapter 5.3.2 is downlink spatial multiplexing. A text proposal is provided in Annex A.

2.1.2 Impact on UL data transfer and HARQ

When introducing DL-SM, RAN2 agreed to describe the HARQ processing as if each HARQ process could be associated with one or two TB when spatial multiplexing was used. 

For the DL there are only adaptive retransmissions. Based on explicit PDCCH signaling the UE will know which TB(s) to expect PDSCH transmissions for. The received TB(s) are then forwarded to L2 where it is possible to describe them as associated to the same HARQ process.

In the UL there are two different types of retransmissions; adaptive (with explicit PDCCH signaling) and non-adaptive retransmission. The current UL data transfer procedure assumes that one PDDCH UL grant (possibly for an adaptive retransmission) can be received per TTI and if no explicit grant is received it will consider making a non-adaptive retransmission.

When UL-SM is configured the UE shall be able to transmit two TBs in parallel. The PDCCH can provide UL grant(s) for one or two TB(s). It is assumed that L1 will determine if the PDDCH is valid for one or two TB(s) based on the explicit PDCCH signaling, similarly to how this check is done in the DL. 

To support UL-SM the UL-SCH data transfer procedure needs to be updated. Two alternative modeling approaches are envisioned: 

1) treat DCI format 4 as a single grant for one HARQ process with one or two TBs (similar as DL); or 

2) treat DCI format 4 as two grants for two separate HARQ processes each with on TB.

For Rel-8 and Rel-9 it is assumed that for each TTI only one UL grant for one HARQ process and one TB can be received. Consequently, a grant is associated with only one type of UL transmission (adaptive/non-adaptive; dynamic/semi-persistent) and one action in Rel-8 and Rel-9. In Rel-10 independent UL retransmission of TBs transmitted in the same TTI should be supported. Thus it should be possible to retransmit both, any one, or none of the (two) TBs. In Rel-8 and Rel-9 UL Data transfer procedure, the branch where the UE has an UL grant for a particular TTI and the branch where it does not are mutually exclusive. For the Rel-10 case where one TB should be retransmitted, but not the other, approach 1) appears quite complex to model within the Rel-8 and Rel-9 framework. It would appear significantly more straight forward to handle each TB separately with separate HARQ processes according to approach 2). By assuming that L2 receives individual grants per TB and that each TB is associated with a separate HARQ process, the current procedure could simply be updated (as shown in Annex A) to clarify that the grant reception procedure should be iterated once for each grant associated with that TTI. 

Proposal 2 Each TB should be associated with a separated HARQ process in the MAC specification. A text proposal is provided in Annex A. 

Proposal 3 Ask RAN1 to indicate UL grants for TBs pertaining to the same subframe individually; i.e., one UL grant per TB. 

2.1.3 Impact on HARQ information definition

In the definitions chapter of the MAC specification HARQ information is defined. This description should be updated to indicate that UL TB(s) associated with the same TTI are not associated with the same HARQ process.

Proposal 4 Update the definition of the HARQ Information to capture that in case of spatial multiplexing on UL-SCH the HARQ Information differentiates HARQ processes associated with the same TTI. A text proposal is provided in Annex A.

2.1.4 Impact on Logical Channel Prioritization

In Rel-8/9 logical channel prioritization (LCP) mentions only handling of one UL grant per TTI. In Rel-10 when an UE can be configured with UL-SM and transmit up to two TB per TTI this means that the LCP would need to be able to handle more than one UL grant per TTI. 

When a Rel-10 UE is configured with Carrier Aggregation there is also a need for handling multiple UL grants per TTI in LCP. As a result a note was introduced in the running MAC CR for CA [2] to indicate how LCP should handle multiple UL grants received in the same TTI. 

Since this clarification made for CA would apply also for UL-SM no additional clarification should be needed in chapter 5.4.3.1 of the MAC specification.

Proposal 5 The changes made to LCP as part of the CA running MAC CR [2] to handle multiple UL grants per TTI covers also the case of multiple UL grants per TTI due to UL-SM.
3 Conclusion
Based on the analysis above we have prepared the text proposal in Annex A and would like to ask RAN2 to consider that and the following proposals.

Proposal 1
Clarify that “spatial multiplexing” in 36.321 chapter 5.3.2 is downlink spatial multiplexing. A text proposal is provided in Annex A.
Proposal 2
Each TB should be associated with a separated HARQ process in the MAC specification. A text proposal is provided in Annex A.
Proposal 3
Ask RAN1 to indicate UL grants for TBs pertaining to the same subframe individually; i.e., one UL grant per TB.
Proposal 4
Update the definition of the HARQ Information to capture that in case of spatial multiplexing on UL-SCH the HARQ Information differentiates HARQ processes associated with the same TTI. A text proposal is provided in Annex A.
Proposal 5
The changes made to LCP as part of the CA running MAC CR [2] to handle multiple UL grants per TTI covers also the case of multiple UL grants per TTI due to UL-SM.
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5 Annex A – Text proposal for 36.321

---------- Start first change --------------

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 the UE monitors the PDCCH in PDCCH-subframes.

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 successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.

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. In case of sparial multiplexing on UL-SCH the HARQ Information differentiates HARQ processes associated with the same TTI.
---------- End first change --------------

---------- Start second change --------------

5.3.2
HARQ operation

5.3.2.1
HARQ Entity

There is one HARQ entity at the UE which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see subclause 5.3.2.2).

The number of DL HARQ processes is specified in [2], clause 7.

When the physical layer is configured for downlink spatial multiplexing [2], one or two TBs are expected per subframe and they are associated with the same HARQ process. Otherwise, one TB is expected per subframe.

The UE shall:

-
If a downlink assignment has been indicated for this TTI:

-
allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.

-
If a downlink assignment has been indicated for the broadcast HARQ process:

-
allocate the received TB to the broadcast HARQ process.

NOTE:
In case of BCCH a dedicated broadcast HARQ process is used.

5.3.2.2
HARQ process

For each subframe where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

---------- End second change --------------

---------- Start third change --------------
5.4
UL-SCH data transfer

5.4.1
UL Grant reception

In order to transmit on the UL-SCH the UE must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers. When the physical layer is configured for uplink spatial multiplxing, up to two grants can be received for the same TTI.
When timeAlignmentTimer is running and the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI and for each grant received for this TTI :

-
if an uplink grant for this TTI has been received on the PDCCH for the UE’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 UE’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 UE’s Semi-Persistent Scheduling C-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 an uplink grant for this TTI has been received on the PDCCH for the UE’s Semi-Persistent Scheduling C-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:

-
clear the configured uplink grant (if any).

-
else:

-
store the uplink grant and the associated HARQ information as configured uplink grant;

-
initialise (if not active) or re-initialise (if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5.10.2;

-
consider the NDI for the corresponding HARQ process bit to have been toggled;

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

-
else, if an uplink grant for this TTI has been configured:

-
consider the NDI for the corresponding HARQ process bit to have been toggled;

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

NOTE:
The period of configured uplink grants is expressed in TTIs.

NOTE:
If the UE receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions in the same UL subframe, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI.

NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH.
5.4.2
HARQ operation

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.
When the physical layer is configured for uplink spatial multiplexing [2], there can be one or two HARQ processes associated with a given TTI. Otherwise there can be one HARQ process associated with a given TTI. 
At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process(es) 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(es).
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(es) associated with this TTI, and for each identified HARQ process;

-
if an uplink grant has been indicated for this process and 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;

-
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.

-
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 this HARQ process 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.

5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.
Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.

The UE is configured with a Maximum number of HARQ transmissions and a Maximum number of Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.

When the HARQ feedback is received for this TB, the HARQ process shall:

-
set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-
increment CURRENT_TX_NB by 1;

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK:

-
generate a transmission as described below.

NOTE:
When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

NOTE:
When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.

To generate a transmission, the HARQ process shall:

-
if the MAC PDU was obtained from the Msg3 buffer; or

-
if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-
set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.

After performing above actions, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer;

---------- End third change --------------
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