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1 Introduction

The main open issues since RAN WG1 #61 meeting connected to blind decodes are how many blind decodes UL MIMO should support and if any blind decode reduction method should be adopted for Rel-10. There is also a minor issue connected to the number for utilized blind decodes. In this contribution we present our view on these topics.

2 Discussion

2.1 UL MIMO

Uplink MIMO will require a new DCI format. It will not to be possible to reuse DCI format 0 as the new DCI format for UL MIMO since the number of available bits in DCI format 0 is not sufficient. Further, a UE that is configured for uplink MIMO should have the possibility to receive DCI format 0 and the new DCI format intended for uplink MIMO in the same subframe. This is needed because it should always be possible to communicate with the UE independent on whether it goes out of coverage of the new DCI format for uplink MIMO or whether there is switching between several uplink transmission modes. These reasons are similar to why a UE always monitors DCI format 0/1a in downlink for Rel-8/9. As nothing fundamental has changed between Rel-8/9 and Rel-10 this aspect should still remain valid in Rel-10.

There are two design possibilities for this new DCI format, either the uplink MIMO DCI format size is aligned with an existing DCI format that the UE monitors or a new DCI format size is created. Setting the uplink MIMO DCI format to the same size as an existing DCI format implies that it should be aligned in size with the DCI format that is associated with the DL transmission mode that the UE is currently configured in. This will potentially also require changing the DL transmission mode DCI formats to introduce some form of flag bit. Given that uplink MIMO as a feature requires several transmit antennas and several transmission chains at the UE, this seems to be an unnecessary complex solution and will potentially not function in all scenarios, i.e. in all DL transmission modes or when the uplink bandwidth is larger than the downlink bandwidth. Instead it would be beneficial to introduce transmission modes in the uplink that would be similar to the DL transmission modes without creating any linkage between the transmission mode in UL and the transmission mode in the DL. This would imply that a new DCI format is created, which the UE only listens to on the UE specific search space on PDCCH. This will result in 16 additional blind decodes per uplink component carrier configured with uplink MIMO to handle, which if the whole uplink MIMO feature is taken into account, would not be significant from a UE complexity perspective. Nevertheless, potential reduction of blind decodings could be achieved by limiting the number of CCE aggregation levels the UE has to monitor (e.g. CCE aggregation level 1 leads to very high code rates and CCE aggregation level 4 is typically used for UEs bad SINRS where UL SU MIMO is less likely).

Proposal
· Uplink MIMO should be 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.
2.2 Blind decoding reduction methods

With the current set of agreements on the number of blind decodes the UE should be able to handle 44 blind decodes per CC DL/UL pair the UE aggregates (plus potential extensions due to UL MIMO). There have been several methods proposed to reduce the number of blind decodes. The main motivation for introducing blind decodes reduction methods is to decrease UE implementation complexity. Consideration should also be taken how other features affect the UE complexity, i.e. if the complexity is increased in the UE, the UE should also handle an increase in the number of blind decodings. In this sections we analyse the two main blind decode reductions, i.e. limiting the common search space and introducing a format indicator.

2.2.1 Common search space reduction

In case CIF is configured the UE would not monitor any RNTI in the common search space with CIF. Consequently in case CIF is configured the actual number of blind decodes would be 44 for the primary component carrier and 32 additional blind decodes for any secondary component carrier, not considering UL MIMO.

In case the same behaviour should apply also in case CIF is not configured we need to consider the different RNTI to analyze the impact.

We first study the RNTIs that the CRC on DCI format 1C can be scrambled with, i.e. P-RNTI, RA-RNTI and SI-RNTI. 

· The SI-RNTI is not monitored on any secondary component carrier according to the RAN2 agreements. 

· The P-RNTI, i.e. paging is supported for two reasons. The first is to address the UE when it is in RRC IDLE state. If the UE is in RRC IDLE it will only monitor the primary component carrier. The second purpose is to inform the UE about updates of the system information. The UE would only read the broadcasted system information on the primary component carrier and consequently it is sufficient to only page the UE on the primary component carrier.

· Random access responses are transmitted with a DCI message which CRC is scrambled by RA-RNTI. When the eNB transmits the random access response it has no knowledge about the carrier aggregation capabilities of the terminal. The random access response message can therefore only be transmitted on the DL component carrier that is linked by SIB2 to the UL where the UE transmitted its RACH, i.e. RA-RNTI would only be limited to the primary component carrier.

Considering that the UE should not monitor SI-RNTI, RA-RNTI and P-RNTI implies that there is no need for the UE to monitor DCI format 1C on any secondary component carrier. This will reduce the number of blind decodes by 6 per secondary component carrier that the UE monitors.

Proposal
· The UE does not monitor DCI format 1C on any secondary component carrier
It is further possible to reduce the blind decodes even more by allowing the UE not to monitor any DCI format in the common search space on any secondary component carriers.

· DCI format 0/1A can be scrambled with the SI-RNTI, RA-RNTI, P-RNTI, TC-RNTI, C-RNTI and SPS C-RNTI. The same reasoning applies to the SI-RNTI, RA-RNTI and P-RNTI when it is scrambled with the CRC in the DCI format 0/1A as when they are scrambles the CRC for DCI format 1C.

· The TC-RNTI is used during contention resolution in random access. During contention resolution performed at initial access the eNB has no knowledge about carrier aggregation capabilities of a terminal. DCI formats 0 and 1A which CRC is scrambled by TC-RNTI can therefore not be transmitted on any secondary component carrier. 

· The SPS-RNTI is not monitored on any SCC according to ‎[1]
· C-RNTI in the common search is mainly used in case the UE specific search space is blocked and there is an urgent message to transmit to the UE. Limiting the C-RNTI to only be possible to schedule on the primary component carrier would results in the same flexibility as in Rel-8, assuming load balancing of the primary component carrier between the component carriers in the eNB.

· TPC-PUCCH-RNTI is only required to be monitored on the primary component carrier since the UE can only transmit PUCCH on the primary component carrier.
· TPC-PUSCH-RNTI is used for transmitting TPC commands in case SPS used. SPS is limited to only be scheduled on the primary component carrier, consequently there is no need for the UE to monitor TPC-PUSCH-RNTI on any secondary component carrier ‎[2].

The above conclusion would allow the UE not to monitor DCI format 0/1A/3/3A on any secondary component carrier; this would result in 6 blind decodes less per secondary component carrier that the UE has aggregated. 

Proposal

· DCI format 0/1A/3/3A is not monitored in the common search space on any secondary component carrier

2.2.2 Introduction of a format indicator

In ‎[3] and ‎[4] the concept of format indicator is proposed. In essence it is utilized on the UE specific search space, where 2 or 3 additional bits to indicate the size of DCI format. This aids the UE in its blind decodes in the sense that the UE first decodes the extra bit field and based on the information acquired in the field the UE knows how to do the convolution decoding.

There are several open issues concerning the format indicator and its applicability. The major problem is the performance drawback that is connected to the inclusion of the format indicator. In ‎[4] it is indicated that with the smallest DCI format size the performance drop on link level is about 1.2dB at the cell edge corresponding to a loss of 15% in cell coverage area.

2.3 Utilization of blind decodes

In the RAN 2 it has been agreed that there can not be more UL component carriers configured than DL component carriers. It has also been agreed that an UL component carrier should be configured together with a corresponding DL component carrier and this is done by the SIB2 cell specific linkage. The mentioned agreements are from RAN 2#69 and cited below:

Agreement:

The following scenario does not need to be supported by CA in Rel-10:

-
More UL CCs are configured than DL CCs.

Agreements:

2) When a UE is configured with a UL CC (on which it can transmit a contention RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”.
These agreements together with the LS response from RAN 4 in ‎[5] give the possibility that a UL CC can be configured without its corresponding DL CC being active. The number of utilized blind decodes in the UE should also reflect this state. 

The agreement on the number of utilized blind decodes need to be updated to allow the UE not to monitor the common search space on any secondary component carrier. 

Proposal

· Update the agreement on utilized number of blind decodes according to below changes

· Actual number of blind decodes:
· 44 x PCC+32 xN_DL_UL_SCC+16 x N_UL_SCC+16 x N_ULM_SCC

· where PCC is the primary component carrier pair, N_DL_UL_SCC is the number of active downlink secondary component carriers or active SIB2 linked secondary downlink/uplink secondary component carriers, N_UL_SCC is the number of secondary uplink component carriers without the SIB2 linked secondary downlink component carrier being active and N_ULM_SCC is the number of configured component carriers for UL MIMO.
3 Conclusion
In this contribution we have presented our view’s on blind decodes. Based on the discussion in the contribution we propose: 
· Uplink MIMO should be 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 DCI format 1C on secondary component carrier
· DCI format 0/1A/3/3A is not monitored in the common search space on any secondary component carrier

· Update the agreement on the utilization of blind decodes to accurately reflect the status of RAN2 decisions and according to the above proposals.
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