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1 Introduction
Issues on uplink transmission mode have been discussed in order to support uplink multiple antenna transmission efficiently. RAN1#62bis meeting concluded transmission mode related issues as following [1]:
· Two PUSCH transmission modes 

· PUSCH Mode 1 is the single antenna port mode

· Two different configurations exist in this mode

· One configuration is Rel-8 PUSCH transmission scheme

· The other configuration supports both contiguous and non-contiguous RA (dynamically configured by PDCCH), Rel-10 OCC/CS mapping table, and dynamic aperiodic SRS triggering (if configured)

· The additional possibility of (de-)configuring the Rel-10 OCC/CS mapping table is FFS

· PUSCH Mode 2 is the multiple antenna port mode

· Two different configurations exist in this mode (if reference DCI format 4 is used):
· Antenna ports  {0,1} are configured for PUSCH      (i.e. PUSCH is using 2TX codebook)
· Antenna ports  {0,1,2,3} are configured for PUSCH (i.e. PUSCH is using 4TX codebook)
· FFS  the details of configuration, i.e,  UE-specific or cell-specific, etc  
· If fallback DCI format 0 is received by the UE

· A single antenna port is used
· No consensus to support PUSCH multiple antenna port mode dedicated for rank 1 in Rel-10.

Furthermore, the following was also agreed in RAN1#62 [2]:

· Uplink MIMO is supported by introducing a transmission mode in the UL with a new DCI format that is only transmitted in the UE specific search space on PDCCH and is not bit aligned to any DCI format.

· The UE does not monitor the common search space on any secondary component carrier

· Note that this implies the following:

Actual number of blind decodes is up to:

44 + 32 x N_DL_SCC + 16 x N_UL_SCC + 16 x N_ULM_CC

where N_DL_SCC is the number of active downlink secondary component carriers, [N_UL_SCC is the number of secondary uplink component carriers which are possible to grant by an active downlink component carrier that is not the SIB2 linked component carrier] and N_ULM_CC is the number of configured component carriers for UL MIMO which has an active SIB2 linked downlink component carrier [or is possible to grant by an active downlink component carrier that is not the SIB2 linked component carrier].
In this contribution we share our views on some of the open issue relative to DCI formats 0 and 4 and we comment and propose some solutions.
2 DCI Format 0
2.1 Fallback to single antenna scheme
According to the agreement [1], fallback to single antenna transmission scheme is supported in multi-antenna mode by use of DCI-0 grants. Since non-contiguous RA is supported even for the single antenna scheme by dynamic PDCCH assignment, DCI-0 in the Rel-10 contest should support both contiguous and non-contiguous RA (with the same payload size). Most companies seem to agree on the proposal to employ the DCI-0 padding bit as the “RA type flag” in Rel-10 networks, which appears to be a viable solution.

Besides the fallback to single antenna scheme application, DCI Format 0 might be effectively exploited as a “light” grant even for UEs in multi-antenna mode. Since DCI-0 only supports single antenna transmission, its main application consists of certain propagation scenarios characterized, e.g., by low antenna correlation and low geometry. Nevertheless, even cell-edge UEs with low geometry may achieve meaningful performance/coverage boost by use of rank-1 precoding for certain propagation conditions, especially in the 4tx case. Since PMI is necessary in order to achieve beamforming gain, the above mentioned UEs should be granted through DCI-4.

 According to this observation it appears that transitions between DCI formats might occur rather frequently for UEs configured in multi-antenna mode. In addition, transitions between DCI-0 and DCI-4 might occur even in case of transmission-mode switch. Therefore, it appears natural to make sure that transitions between DCI formats occur in a smooth and efficient fashion. An issue to be solved is the mapping between PUSCH transmission and TB index when a DCI-0 is employed as fallback from a DCI-4. One straightforward (but unnecessarily pessimistic) solution would be to associate DCI-0 only to initial transmissions, thus prematurely terminating pending retransmissions. Another solution would be do associate DCI-0 by default to TB1 (thus prematurely terminating retransmissions of TB2 by default). Other improved solutions that do not imply wasting TB2 might also be considered.
Another very simple solution would be to associate a TB index to DCI-0 when falling back from a DCI-4. An example of implicit rule is:

If subframe_index mod 16 < 8, TB1 is selected
otherwise, TB2 is selected.
where subframe_index is a global (cell-specific) subframe counter derived, e.g., from the frame number and subframe index. A UE behaviour needs to be specified in this case in order to handle retransmissions of both TBs via DCI-0.

Proposal

· Consider efficient solutions for switching between DCI formats.
· An example solution is to implicitly associate an alternating TB index to DCI-0 when falling back from a multi-TB DCI-4.

2.2 “Light” MIMO DCI format 0B
Some contributions [3] propose to employ a new DCI format (DCI-0B) in order to support adaptive retransmission of one TB after original DCI-4 transmissions. In order to avoid increasing the number of blind decodes, the new DCI-0B should have the same payload size as DCI-0.

However, the agreement [2] specifies that MIMO operations on PUSCH should be performed through a new DCI format (DCI-4) whose size should not match any other existing format. Furthermore, a potential DCI-0B format would imply significant standardization effort both in order to specify the IEs combinations (if any) that trigger such a format instead of DCI-0 and to carefully consider all the HARQ combinations to be supported. We also stress that PHICH has already been introduced with the aim of acknowledging PUSCH transmission in an efficient way.

Our view is that a new DCI format 0B would be partly redundant with PHICH and difficult to specify and configure. Furthermore, the standardization complexity might be larger than expected (as it happened with specification of PHICH for MIMO [6]). Considering also that agreement [2] defines DCI-4 as the grant for MIMO transmissions, we believe that DCI-0B should not be introduced.

Proposal

· A new “light” MIMO DCI format 0B should not be introduced.

3 DCI Format 4
DCI format 4 is the only format for multi-antenna transmission schemes on PUSCH, and it should therefore provide efficient and flexible configuration of all relevant features for PUSCH. In the following we comment on some of the IEs currently discussed in RAN1:

TB to codeword swap flag

Since it was not possible to provide a sufficiently useful application for the TB to codeword swapping flag it should not be included in DCI-4. Even though some contributions raise the problem of AGI (antenna gain imbalance) for handheld devices, such an impairment has a semi-static nature and a “precious” PDCCH bit should not be employed merely for this purpose.

Frequency Hopping (FH)
Rel-8/9 supports FH for PUSCH. Even though FH might not be the most useful feature in typical multi-rank transmission scenarios, there exist clear applications of FH especially for rank-1 transmission: 

· rank-1 beamforming improves coverage for cell-edge UEs and FH provides additional robustness by means of frequency diversity. This appears particularly important because consensus on a TxDiv scheme has not been reached;

· high-speed UEs in low geometry and with correlated antennas benefit from the joint use of FH and rank-1 beamforming;

· FH might also be employed as an efficient feature to achieve channel sounding without triggering SRS.

· FH is regarded as an important Rel-8 feature and should be supported also for Rel-10.

Based on these observations, we believe that FH should be supported for DCI-4. Possibly, the FH IE might be jointly encoded with other IEs in order to reduce the DCI-4 payload size.

TB disabling, PMI&RI
In multi-antenna transmission mode there are two cases where one of the two TBs needs to be disabled: 

Case 1: Rank 1 initial transmission or retransmission;

Case 2: Single codeword Rank 2 retransmission.
The Rel-8 solution for TB disabling cannot be applied to PUSCH because the MCS and RV are indicated together via MCS indication in UL signaling. Therefore, a new solution is needed.

Two alternative proposals are:

Alt.1: Disabling one block via NDI&MCS configuration [4]
In uplink Rel-8, IMCS larger than 28 is used for adaptive retransmission or aperiodic CQI(IMCS =29). Therefore, one CW can be disabled via a special configuration-NDI=1& IMCS =30/31 when the NDI bit is set to 1. If the NDI bit is set to 0 the transport block will be retransmitted with corresponding RV. Precoding information can be then encoded with 3 bits (2tx) and 5bits (4tx). 
Alt.2: Disabling one block via PMI&MCS configuration [5]
This method is based on joint encoding and redefinition of the IEs for MCS, PMI&RI and NDI. A different redefinition is necessary for 2tx and 4tx, as explained in more detail in [5]. The scheme allows 2 bits saving compared to Alt.1 in the 2tx case and has the same payload for 4tx.
Alt. 2 is preferable to Alt.1 in terms of DCI payload compression efficiency in the 2tx case. Such an advantage might be relevant for system performance (due to PDCCH capacity limitations) and it should be leveraged if possible. 
However, there is inherent additional complexity associated to [5] and the ratio between benefit and standardization effort should be carefully evaluated. It might make sense to adopt [5] only if the unused codepoints are exploited for additional flexibility in scheduling assignment. An example of how such improved scheduling flexibility is achieved is reported in Section 3.1.

Another point to be agreed is the definition of the UE behaviour when the transmission of a single TB (out of 2) is scheduled by DCI-4.
3.1 Proposed DCI-4 encoding
The proposed signaling scheme is as follows:

For 2Tx: 

· Use a 1-bit RI  

· RI=0 (rank 1, one TB enabled)

· MCS1 and NDI1 is for the enabled TB

· NDI2 indicates which TB is enabled

· MCS2 indicates:

1.  6 code points of rank 1 PMI and possibly one code point for 'TxDiv', where TxDiv scheme is a potential transmit diversity scheme;  FH is disabled;

2. 6 code points of rank 1 PMI and possibly one code point for 'TxDiv', where TxDiv scheme is a potential transmit diversity scheme;  FH is enabled;

3. the remaining 18 code points are reserved 

· RI=1 (rank 2, both TBs enabled, FH disabled)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2  

For 4Tx:

· Use 5-bit PMI 

· PMI=0 (rank 1, one TB enabled, FH disabled)

· MCS1 and NDI1 is for the enabled TB

· NDI2 indicates which TB is enabled

· MCS2 indicates 24 code points of rank 1 PMI and one code point for 'TxDiv', where TxDiv scheme is TBD; the remaining 7 code points are reserved 

·  0<PMI<31 (FH disabled)

· PMI=1 (rank 2, one enabled TB, used for ReTx)

· MCS1 and NDI1 is for the enabled TB

· NDI2 indicates which TB is enabled

· MCS2 indicates 16 code points for rank 2 PMI; the remaining 16 code points are reserved 

· PMI=2...17 (rank 2, two enabled TB)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2
· PMI=18…30 (ranks 3 and 4, two enabled TB)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2

· PMI=31 (rank 1, one TB enabled, FH enabled)

· MCS1 and NDI1 is for the enabled TB

· NDI2 indicates which TB is enabled

· MCS2 indicates 24 code points of rank 1 PMI and one code point for 'TxDiv', where TxDiv scheme is TBD; the remaining 7 code points are reserved.

According to the above DCI-4 specification FH signaling is made available for transmission rank=1 without increasing the DCI payload size compared to [5]. Therefore, we propose that, in case DCI-4 mapping as in [5] is selected, FH for rank-1 transmission should be supported.

Proposal

· Avoid introducing a TB to CW swapping flag

· Support Frequency Hopping, at least for some MIMO configurations (rank-1)
· Adopt a modified verion of DCI-4 in [5] as discussed in Section 3.1

· Same overhead as in [5]

· Support to frequency hopping for rank-1 without increasing the overhead.
· The above proposal is subject to the condition that no issue related to retransmissions is identified with DCI-4.
4 Summary
In this contribution we have discussed characteristics of DCI formats for PUSCH and we have proposed the following:
· Consider efficient solutions for switching between DCI formats.
· An example solution is to implicitly associate an alternating TB index to DCI-0 when falling back from a multi-TB DCI-4.
· A new “light” MIMO DCI format 0B should not be introduced.

· Avoid introducing a TB to CW swapping flag

· Support Frequency Hopping, at least for some MIMO configurations (rank-1)

· Adopt a modified verion of DCI-4 in [5] as discussed in Section 3.1

· Same overhead as in [5]

· Support to frequency hopping for rank-1 without increasing the overhead.
· The above proposal is subject to the condition that no issue related to retransmissions is identified with DCI-4.
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