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1
Introduction

This contribution deals with SORTD resource allocation for dynamically scheduled PDSCH. As a starting point there are two alternative SORTD realizations for the case with single component carrier and dynamic ACK/NACK transmission (PUCCH format 1a/1b):
· Alt1: SORTD is always ON if configured 

· Alt2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

In this paper we discuss pros and cons related to these proposals. 
Another question considered in this paper is what are the SORTD options available in the case of carrier aggregation. 
2 SORTD Resource allocation for single CC-case
The main options for RA corresponding to the second antenna port with Alt1 are:

· Scheduling restriction: Take care that PUCCH resource corresponding to the subsequent (or some other predetermined) CCE is not reserved by other UE
· Explicit RA: The second orthogonal resource is semi-statically reserved

The main benefit of Alt1 is that SORTD is always used, regardless of the number of CCEs allocated on the PDCCH. At the same time, we note SORTD is still used only for a part of the UEs. It is noted scheduling restriction related to Alt1 is quite severe and it will create additional complexity on top of Rel-8 solution. It should also be noted that the number of 1-CCE UEs supporting SORTD can be relatively high in the typical scenarios.

Semi-static allocation of the second antenna port resource is not attractive either. The problem is that it will increase the PUCCH overhead a lot since most of the UEs configured to use SORTD require dedicated PUCCH Format 1a/1b resource. The most probable outcome of explicit RA approach is that SORTD cannot provide system level gain any more (there can be loss instead). 
It is clear that PUCCH coverage needs to be based on that of single-antenna port mode. This means that the main motivation for introducing SORTD is to reduce the inter-cell interference and thereby to reduce the PUCCH overhead. It is noted that Alt2 is well in line with this goal since performance enhancement is provided for those UEs generating majority of the inter-cell interference. It is rather obvious that when one CCE is sufficient to guarantee DL coverage, there should no be major issues with the UL coverage either. In the Figure 1 in the APPENDIX, the performance of SORTD is compared with single antenna transmission.  As can be seen, the gain from SORTD over single antenna transmission is only moderate.
It has been pointed out that there are potential problems in Alt2 caused by the fact that TxD mode varies according to CCE allocation. However, as pointed out in [3] this is not a real problem for eNB:
· eNB supports single-antenna-port mode and SORTD mode in any case. This means that mode shifting does not cause any additional complexity at the eNB side.

· eNB supports DTX detection in both single-atenna-port mode and SORTD in any case. This means that mode shifting does not cause any additional complexity at the eNB side.

· The mode shifting is known by eNB (based on CCE allocation)
Proposal:  Alt 2 is the preferred way forward form both system complexity and system performance point of view
3 SORTD Resource allocation for CC aggregation

First of all, we note that there are two basic ways to convey multi-ACK/NACK feedback on PUCCH [1]:

· Case 1:
Limited FB using PUCCH Format 1a/1b (channel selection)
· Case 2:
Full FB using concurrent transmission of multiple PUCCH format 1a/1b channels 

· Case 3:
Full FB using multi-A/N channel with larger payload 
SORTD RA discussion is limited to PUCCH format 1a/1b –based schemes using implicit or hybrid resource allocation (Case 1-2). On the other hand, it has been shown e.g., in [4] that due to link performance and CM/OOB reasons simultaneous transmission of multiple A/N channels (Case 2) is not a feasible A/N signalling scheme to be used in LTE-Advanced.

One can assume that full FB (one A/N for each DL CC transport block) is the baseline signalling scheme whereas limited A/N transmission is considered only for power limitation.  As discussed in the previous section, the main goal of SORTD is reduction of inter-cell interference on PUCCH. This means that limited FB (case 1.) is the most important use case for SORTD in combination with CA. In these conditions:
· The number of configured DL CCs is probably fairly small with those UEs with power limitation. 

· The number of power limited UEs configured to support multi-CC scheduling in DL is rather limited (i.e., only cell-edge UEs)
· The number of CCEs allocated for UEs with power limitation is typically larger than 1 (( Alt2 is applicable).

Based on these aspects, it can be noted that CA is not the most important use case for SORTD.
It has been pointed out e.g., in [2] that there is a potential problem with Alt1 that TxD mode might vary depending on the resources actually used for ACK/NACK transmission. Assuming that SORTD on top of Format 1a/1b is only used when PDCCH utilizes two or more CCEs, we have the following choices:

· Option 1: Allow varying Tx mode according to the resources actually used for ACK/NACK transmission
· Option 2: SORTD is used only if there are two PUCCH format 1/1a/1b resources available corresponding to each scheduled CC. Otherwise, single-antenna port mode is used.
· Option 3: Explicit resource allocation is used in the case with SORTD and CC-aggregation.

· Option 4: Single antenna port transmission is always used in the case with more than 1 CCs
As said, it has been pointed out that there is a potential problem related to the case when TxD mode might vary depending on the resources actually used for ACK/NACK transmission. However, we don’t see this as big issue and it can be solved by an implementation-specific eNB algorithm.

Of course, it’s also possible to specify a simple rule, such as Option 2, to avoid variation of TxD mode depending on the resource selected. We note that there is high correlation between the number of CCEs allocated to different PDCCHs. Hence, we think that Option 2 would not limit the applicability of SORTD too much.   

Then considering the agreement that A/N feedback should not be optimized for a large number of UEs being simultaneously scheduled on multiple DL CCs, we think that explicit resource allocation is one option for SORTD to be used in combination with carrier aggregation. Finally, we note that it is always possible to use single antenna port more instead of SORTD in the case with multiple DL CCs configured.
Based on this discussion, we can say that Alt2 is a feasible way forward also from CC-aggregation point of view. 
Proposal:  Alt 2 is selected as way forward for SORTD also in the case of CC-aggregation
4
Summary & Way Forward
In this contribution we have discussed SORTD resource allocation for dynamically scheduled PDSCH in the case of carrier aggregation. We propose the following:
Proposal:  Alt 2 is selected as way forward for SORTD in both single-CC case and the case with CC-aggregation
· When the PDCCH consists of two or more CCEs, the second resource used for SORTD is taken from one of the resources reserved by these CCEs
· When the PDCCH consists of a single CCE, single antenna port mode is used
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