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1
Introduction

This contribution deals with PUSCH resource allocation (RA) signalling for new LTE-Advanced uplink features such as SU-MIMO, clustered resource allocation within the UL component carrier (CC) as well as cross-CC scheduling. As proposed in [1], it is important to handle the RA signalling issues jointly, taking the requirements from all the features into account. These requirements are related to e.g., PDCCH blind decoding burden and scheduler flexibility, linkage between DL Tx Mode and UL Tx Mode and backwards compatibility. Blind decoding problem related to cross-CC scheduling is discussed in details in a separate paper [2].
2 Background and requirements
The common nominator of the new UL features is that they require larger DCI payload size compared to Rel-8 PUSCH grant (DCI Format 0):
· Cross-CC scheduling requires 3 additional DCI bits (i.e. CIF: Carrier Indicator Field) on top of Rel-8 operation.

· SU-MIMO with 2-Tx antennas requires at least DCI 5 bits on top of Rel-8 operation (CIF not included)
· SU-MIMO with 4-Tx antennas requires at least DCI 8 bits on top of Rel-8 operation (CIF not included)
· Clustered RB mapping requires 0-N bits on top of Rel-8 operation

It should be noted that SU-MIMO, clustered RB mapping and cross-CC scheduling are possible to be supported at the same time which in turn means additional size options for (UL) resource allocation grant. Furthermore, it has been agreed that it is possible to configure a multi-antenna UE to appear as Rel-8 UE, i.e. to have fallback to single antenna transmission. Although this configuration could be done using semi-static RRC signalling, it would be highly desirable to have the single-antenna transmission fallback dynamically available all the time via DCI format 0 for e.g. retransmissions. This would be beneficial also from PDCCH coverage point of view. 
Proposal: Allow dynamic fallback using Rel-8 DCI Format 0.
It is clear that CC aggregation will increase the PDCCH blind decoding burden compared to LTE-Rel-8. For baseline component carrier aggregation case without cross-CC scheduling, with current RAN1 assumptions the UE will need to be able to perform N x 44 blind decoding attempts where N is the number of DL component carriers supported by the UE. This number should be used as a baseline also in the case of cross-CC scheduling.  In this case the blind decoding may be a problem due to the fact that CC bandwidth/Tx mode can vary from CC to CC due to CC-dependent size for DCI [2]. Hence in the worst case (i.e., cross-CC scheduling) maintaining the existing blind decoding burden per-CC for PUSCH resource allocation would be highly desirable. 
Proposal: Prioritize PUSCH RA schemes which maintain the existing blind decoding burden per-CC.
The current working assumption for SU-MIMO is that 3-bit precoding codebook is applied in 2-Tx case and 6-bit in 4-Tx case, respectively. Hence, there will be at least 3-bit difference in payload between 2-Tx and 4-Tx cases. We are of the opinion that this is sufficient justification to specify separate DCI size options for 2-Tx and 4-Tx cases. Moreover, having different DCI format sizes for different number of TX antennas is also in line with what we have in downlink already. SU-MIMO grant design is discussed in more details in [8].
Proposal: Specify separate DCI size options for 2-Tx and 4-Tx cases (spatial multiplexing mode).
3 Clustered RB-allocation

Figure 1 shows the capacity/coverage gain of clustered RB-allocation compared with localized resource block allocation (Rel-8). The simulation assumptions have been listed in the Appendix. The minimum cluster size equals to 2 PRBs. It should be noted that in this simulation all the main factors contributing in the performance of clustered RB allocation have been modelled in a realistic way. This includes realistic channel estimation, realistic SRS and realistic CM modelling by means of reduction of maximum Tx power.

It can be noted in Figure 1 that majority of the capacity gain of clustered RB allocation is achieved already with two clusters. Unlimited number of clusters provides less that 1% increase in average cell throughput when compared with two-cluster case. From the coverage point of view, it is noted that three clusters provides almost the maximum gain achievable. On the other hand, the cell edge performance improves only 1.4% when going from two to three clusters.
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Figure 1. Capacity/coverage gain of clustered RB allocation.
PUSCH RA for clustered RB allocation:

The existing proposals for clustered RB-allocation can be divided into two main categories:

1. Limited number (N) of clusters [3-5].
2. Unlimited number of clusters, RA based on Rel-8 DL schemes [6].
As discussed in many contributions [1, 3-6] there are many issues that need to be taken into account when selecting the proper RA signalling strategy for clustered RB-mapping:
· RA size (DL overhead)

· UL  flexibility, in terms of

· Number of clusters

· Cluster size

· Cluster placement

· UL performance (capacity & coverage) 
· Cubic metric
· Channel/sounding estimation performance

· RA signalling complexity

In the light of system level results including realistic modelling for channel/sounding estimation performance there is no performance reason to have unlimited number of clusters. The main reason behind this is the trade-off between (channel/sounding) estimation accuracy and frequency-domain scheduling gain. At the same time, we see that with limited number of clusters, it is possible to reach smaller RA size and better RA granularity than with unlimited number of clusters following Rel-8 DL RA schemes. It is also noted that there are RA schemes available for limited number of clusters where the RA size equals to that of localized allocation. In this case fallback to localized transmission can be provided just by a one-bit flag included in DCI format 0. 
Based on above points we propose that limited number of clusters is selected as working assumption instead of unlimited number of clusters. We also point out that the cluster-size of 1PRB is not feasible in the context of clustered RB allocation. This is due to the fact that estimation accuracy is limiting the performance too much. Therefore we propose that cluster size of 1PRB is ruled out in the RA discussions related to clustered RB mapping. 
Proposal: Limited number of clusters is selected as way forward (instead of unlimited number of clusters) 

Proposal:  Cluster size of 1-PRB is not considered with clustered RB allocation 
3
DCI design for PUSCH grant
In this section we discuss the DCI design for PUSCH RA in more details. Figure 1 shows the PDCCH blind decoding related to DCI design maintaining the PDCCH blind decoding per-CC at Rel-8 level. For simplicity, let us denote the new UL DCI format as 0’, 0’’, etc. These formats can be defined e.g., in such that DCI format 0’ corresponds to 2-Tx Mode and 0’’ is 4-Tx mode, respectively. Separate formats can be supported also for clustered resource allocation and cross-CC scheduling for both single-Tx  and multi-Tx (SM) cases. 
1. Higher-layer configured UL Tx mode defines the UL grant size/format (0/0’/0’’) to be applied on UE-specific search space. The default UL Tx mode corresponds is single antenna port mode with localized RA (i.e., DCI Format 0 according to Rel-8).
2. Regardless of the UL Tx mode, Rel-8 -type of DCI format 0/1A is transmitted in common search space. This arrangement provides fallback to Rel-8 DCI signalling. This means also that no changes are needed for DCI Format 3/3A transmitted via common search space. Note that we also think that DCI format 0/1A transmitted in common search space will never have CIF [7], therefore basically always providing a fallback possibility.
3. Size of DCI format 1A transmitted via the UE-specific SS is matched (( 1A’) with that of UL grant (0/0’/0’’) by zero padding.
We note that cross-CC scheduling with CIF is a special case of new UL(&DL) Tx mode. Rel-8 -type of DCI format 0/1A having no CIF can be transmitted in common search space whereas 0’/1A’ containing CIF is transmitted only via UE-specific search space. As discussed in [2] it is possible that different component carriers have different bandwidths. Hence, in this case the payload sizes of different 0’ should also be aligned.
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Figure 1. PDCCH blind decoding with special UL Tx mode (other than Rel-8) using DCI Format 0’, no increase in PDCCH blind decoding. 
There are several advantages in the proposed arrangement.

· No increase in PDCCH blind decoding (per-CC) compared to Rel-8.
· No coupling between DL Tx mode and UL Tx mode.
· Dynamic fallback to legacy (e.g. multi-antenna -> single antenna mode) in cost-efficient manner.

· No changes are needed for DCI Format 3/3A.
· Flexible design: Size of UL grant can be optimized separately for different use cases, e.g., SU-MIMO with 2-Tx or SU-MIMO with 4-Tx.
The main disadvantage of this proposal is that size of DCI format 1A’ transmitted via UE-specific search space is not optimized. However, the size difference between DCI Format 0’ and 1A may not be very large, especially if localized RA is realized with an approach of limited number of clusters.
Proposal: UL Tx Mode dependent UL grant is transmitted only via UE-specific search space.
Proposal:
Allow independent setting for UL Tx Mode and DL Tx Mode.
Figure 2 shows an alternative DCI design with additional size option for PUSCH RA grant (0’). Using this approach PDCCH blind decoding per-CC has increased by 50% compared to Rel-8 level (assuming that 0’ can be scheduled via common search space, as in Figure 2).
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Figure 2. PDCCH blind decoding with special UL Tx mode (other than Rel-8) using DCI Format 0’, increased blind decoding burden. 
4
Summary 

In this contribution we have discussed PUSCH resource allocation (RA) signalling for new LTE-Advanced uplink features such as SU-MIMO, clustered resource allocation within the UL component carrier (CC) as well as cross-CC scheduling. 
Given the above aspects, we propose the following concrete proposals in order to proceed with PUSCH RA signaling:

1. Allow sufficient RA flexibility in combining new LTE-Advanced features.
2. Allow independent setting for UL Tx Mode and DL Tx Mode.
3. Allow dynamic fallback using Rel-8 DCI Format 0.
4. Prioritize PUSCH RA schemes which maintain the existing blind decoding burden per-CC.
5. Specify separate DCI size options for 2-Tx and 4-Tx cases (spatial multiplexing mode).
6. UL Tx Mode dependent UL grant is transmitted only via UE-specific search space.
7. Limited number of clusters is selected as way forward with clustered RB allocation 

8. Cluster size of 1-PRB is not considered with clustered RB allocation.
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Appendix
Table 1 shows the parameters used in the system level simulations. All the factors having a contribution in the performance of clustered RB allocation have been modelled in a realistic way. These include realistic channel estimation, realistic SRS modelling and realistic CM modelling by means of reduction of maximum Tx power.
Table 1 System Simulation parameters

	Description
	Settings

	Layout
	19 sites - 3 sector/site – wrap-around

	Propagation scenario
	3GPP Macro Case 1

	System Bandwidth 
	10 MHz

	Radio Chanel
	SCM 3 km/h

	Antenna setting
	1x2

	User transmission bandwidth
	Adaptive transmission bandwidth

	Allocation resolution
	2 PRB

	Power Control
	FPC formula ((=0.8, P0=-84)

	HARQ
	Synchronous and non-adaptive

	Traffic model
	full buffer

	Scheduling method
	Proportional fair

	Sounding signal periodicity 
	10 ms

	Sounding model
	Realistic

	Channel estimation model
	Realistic

	CM model
	Realistic

	Number of UEs per sector
	10


Figure 3 shows the sounding mode used in the system level simulations. It presents the standard deviation of the SINR estimate as a function of SINR. Bandwidth of interest corresponds to minimum cluster size which equals to 2 PRBs.
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Figure 3. Standard deviation of the SINR estimate as function of SINR. 

