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1 Introduction
SORTD resource allocation for PDSCH with dynamic scheduling in the case of no carrier aggregation was discussed at RAN1#59bis [1] and the status is
· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8) 
· Continue discussion on alternatives including the followings for the second resource 

· Alt 1: SORTD is always ON if configured 

· Alt 2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

In this contribution, these two alternatives on the second resource allocation are discussed according to the identified points in [1], and furthermore the confusion problem of CCE aggregation level detection is addressed. To summarize the discussion, we propose that 
· 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
2 Discussion on the second resource allocation
For the two alternatives above, it is our understanding although no formal RAN1 decision has been taken, that the second resource is implicitly linked to a CCE relative to the first CCE in the case a PDCCH have two or more CCEs, and the open issue is how to handle the case when there is only one CCE used for the PDCCH carrying the DL grant. 
For Alt1, the second resource is obtained by e.g.
· Scheduling restriction
· At least two CCEs need to be allocated for PDCCH, or 
· In case of a single CCE, the next PDCCH in the subsequent CCE is ensured not to carry a DL grant (hence the A/N resource reserved by CCEs in this PDCCH are unused), or

· Semi-static control signalling: The second orthogonal resource is semi-statically reserved 
The advantage of Alt1 is that transmit diversity gain can be always achieved but the drawback are scheduler restrictions and PDCCH resource waste.  For semi-static control signalling of the second resource it shall be noted that this resource needs to be reserved in every sub-frame due to dynamic scheduling of PDSCH. This solution will thus result in significant overhead and will not be considered further. 
For Alt2, SORTD is switched to single antenna port transmission when the PDCCH is transmitted using only one CCE, which occurs at a low path loss/high SINR. The mode switching is implicitly known by eNB through the CCE allocation. The drawback is that transmit diversity is not obtained when the number of CCEs of the PDCCH is one, but since UL and DL  path loss is highly correlated, a UE that uses a single CCE has with high probability a low path loss and has thus less need for transmit diversity. 
We will now further discuss some concerns that have been raised regarding Alt 2. In [1], it states that the mode switching (Alt 2) impacts on eNB receiver implementation to detect the used transmission mode, e.g. eNB needs to implement two A/N/DTX detection thresholds corresponding to SORTD and single antenna port transmission. However, these detection thresholds are known in the eNB in any case (i.e. also if Alt.1 is adopted) since both the single antenna port mode and SORTD has been agreed for Rel-10 PUCCH 1/1a/1b [2]. Hence, in order to support this function, the receivers corresponding to both modes will be implemented in Rel-10 eNB and as discussed above, the used mode is known and the switching between these two modes does not have any additional impact on eNB receiver implementation. 
Further note that even if the A/N detection performance fluctuates when a UE switch between single antenna and SORTD mode, the worst case performance is expected in the single antenna port mode case and is therefore the same as Rel.8 detection performance. 
2.1 Analysis of the confusion problem of Alt.2

For Alt2 it has been argued there may be a confusion problem of CCE aggregation level detection [3][4].  A deeper analysis give that the confusion occurs in these two cases:
· Confusion case 1: A PDCCH consisting of one CCE is detected as a PDCCH of two CCEs
· Confusion case 2: A PDCCH consisting of two CCEs is detected as a PDCCH of one CCE
As the detection of the use of a single of multiple CCE for PDCCH is important for Alt2, these confusion cases may lead to the case where UE and eNB assumes different transmission modes for the A/N. 
For Confusion case 1 to occur, it is required that the monitoring set of aggregation levels L=1 and L=2 overlap and the PDCCH must be located at the CCE with even numbering since a PDCCH placed at a single odd numbered CCE can never be detected as PDCCH with two CCEs (due to the tree structure). 
The CCE following the PDCCH (denoted as the 2nd CCE) in an even CCE has two possibilities: 
· The  2nd CCE is allocated to another PDCCH (Case 1-Collision)
· The PDCCH is detected under the (wrong) blind assumption of CCE aggregation (L=2). The evaluation results in Fig.1 shows that the probability for correct detection (i.e. confusion) is negligible due to the strong interference from the PDCCH transmitted in the 2nd CCE. 
· The 2nd  CCE is not allocated, i.e. is empty (Case 1-Empty). 
· Receiver “see” white noise in the 2nd CCE and the probability for correct detection (i.e. confusion) is relatively high, see Fig.2
However, if the 2nd CCE is empty, eNB is aware of this since it is after all a scheduler decision, and it is then reasonable for eNB to adjust the PDCCH of this particular UE from CCE aggregation L=1 to L=2. This would improve PDCCH detection performance and remove the problem of Confusion case 1 and it comes with no capacity loss since the 2nd CCE was anyway empty. Alternatively can the scheduler move the PDCCH consisting of a single CCE from the even numbering CCE to the empty 2nd CCE with odd numbering to completely avoid the confusion.   
To summarize, the Confusion case 1 can be solved by a non-restrictive behaviour of the eNB scheduler, i.e.  assigning a single CCE PDCCH on an even numbered CCE when the following CCE is empty is avoided.
In Confusion case 2, the PDCCH consisting of L=2 CCEs is successfully detected as a PDCCH with L=1.  Note that in this case, the PDCCH with CCE correct CCE aggregation level, L=2, will also be correctly detected with high probability, see Fig.3. The reason is the L=2 provides a lower code rate than L=1 so correct detection is likely to be simultaneous for the two aggregation levels when L=1 is correct. 

When UE detects both L=1 and L=2 correctly, a UE behaviour is needed to be specified for the UE to select the correct aggregation level. The correct UE behaviour is to assume L>1 as the CCE aggregation level when more than one CCE aggregation level is correctly detected.
Hence, the two confusion cases are easily avoided by non-restrictive eNB implementation and simple definition of the UE behaviour in case more than one aggregation level is correctly detected. An alternative and straightforward way to solve the problem is to include information in the PDCCH, by e.g. CRC scrambling, that is used by the UE to verify if the transmitted PDCCH consists one or multiple CCEs. 
According to the above discussion, it can be observed that Alt 1 has the problem of scheduler restriction and resource waste, therefore Alt2 is preferred. Some means to clarify UE behaviour in ambiguous cases may be needed. 
3 Conclusion
In this document, the two alternatives [1] on the second resource allocation in the case of dynamic PDSCH are discussed, and Alt2 is supported, i.e. 
· 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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Appendix I
Table 1   Simulation assumptions

	Parameter
	Value

	Carrier frequency 
	2GHz

	Bandwidth 
	5/10/20 MHz

	Antenna configuration
	1×2

	Channel model
	TU channel without correlation

	Velocity
	3km/h

	Channel estimation
	Ideal

	CP
	Normal

	Channel coding 
	Tail Biting Convolutional Code

	Modulation
	QPSK

	Number of OFDM symbol for PDCCH
	1

	Ng (decides PHICH group)
	1

	PDCCH payload size
	27/31/39 bits
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Fig.1 The false probability of Case 1-Collision
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  Fig.2 The false probability of Case 1-Empty
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Fig.3 The false probability of Case 2 under the assumption of incorrect L=2 detection (Fig.4) and correct L=1 detection (Fig.5)
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Fig.4 BLER of two CCEs PDCCH detection
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Fig.5 The false probability of 2 CCEs PDCCH to 1 CCE 
















































