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1. Introduction

In RAN1 #59bis meeting, the following conclusion has been reached regarding resource allocation for PUCCH format 1a/1b SORTD (Spatial Orthogonal Resource Transmit Diversity) tied to PDSCH with dynamic scheduling [1]:
	Conclusion on resource allocation for SORTD for case of no carrier aggregation:

· For PDSCH with dynamic scheduling: 

· 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 

· 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


Considering the tight schedule timeline of Rel-10 standardization, it is necessary to choose one from these alternatives with minimal impact for the specs. In this contribution, we show our views on the second resource for the second antenna port considering SORTD, and we recommend employing Alt 2 as the resource allocation scheme for SORTD.
2. Discussion
In RAN1 #59bis meeting, it was agreed that the first resource for the first antenna port is linked to nCCE (i.e. the same manner as Rel-8/9) when UL ACK/NACK for dynamically scheduled PDSCH is transmitted with SORTD, where nCCE is the number of the first CCE (Control Channel Element) used for transmission of the DL assignment. However, two alternatives for the second resource allocation are on the table, as described in the agreement [1]. In Alt 1, following three options in [2][3][4] can be considered as an exact allocation method for the second resource.
Alt 1. SORTD is always ON if configured
Option 1-1. The second resource is always derived from nCCE+1 [2]
Option 1-2. The second resource is derived from nCCE + 1 or nCCE – 1 [3]
Option 1-3. The second resource is explicitly allocated by higher layers [4]
Alt 2. SORTD when two or more CCEs, fallback to single antenna port (SAP) when one CCE
The details of each alternative are discussed in Annex.
2.1. Theoretical Analysis for each option

In this section, the detailed pros, cons and open issues are discussed. The comparison of each scheme is summarized in Table 1 below. We chose four important topics to finalize this discussion.
Table 1: Comparison of possible schemes
	
	Scheduling restriction
	Additional resource reservation for SORTD
	Power control
	Solution for confusion between SAP and SORTD

	Alt 1
	Option 1-1
	High
	None
	No impact
	Necessary

	
	Option 1-2
	Low
	None
	No impact
	Necessary

	
	Option 1-3
	No restriction
	Necessary
	No impact
	Necessary

	Alt 2
	No restriction
	None
	No impact
	Necessary


2.1.1. Scheduling Restriction

Scheduling restriction means that the CCEs for DL assignment will be blocked by the second resource for SORTD. Alt 2 and Option 1-3 are beneficial in terms of the scheduling flexibility of DL assignment because it is necessary for eNBs to consider the blocking possibility. Meanwhile, scheduling restriction would be occurred for Option 1-1 and 1-2, and eNB should pay attention to avoid the collision.

In our view, this issue is negligible because SORTD is basically used for cell-edge UEs and DL assignment by one CCE is not generally happen due to turn-on/off of SORTD by higher layer signalling. On the other hand, there is no reason to employ Option 1-1 because Option 1-2 can cover the benefit of Option 1-1 without any complexity. Therefore, Option 1-2 can be the preferable solution in addition to Alt 2 or Option 1-3. 
Observation:

· Option 1-1 should be at least avoided to relax the scheduling complexity by eNB
2.1.2. Additional resource reservation for SORTD
The resources determined by Rel-8/9 dynamic ACK/NACK manner are required for Option 1-1, 1-2 and Alt 2. Meanwhile, Option 1-3 requires the resource explicitly signaled by eNB as the second resource. Therefore, additional resources for SORTD should be reserved in advance. Thus, Option 1-3 would be infeasible if huge number of resources should be reserved for SORTD. However considering that despite the presence of SORTD the coverage (of UL HARQ-ACK) should be designed considering single Tx antenna; thus most UEs should be able to employ a single Tx mode for the PUCCH. Therefore the resources reserved for the second resource of SORTD need not be large[4], and Option 1-3 can be a candidate for resource allocation scheme of SORTD.
In our view, the benefit of SORTD is that the reliability of ACK/NACK can be improved with the unused resources by Rel-8/9 scheme, and SORTD will never be a alternative of ACK/NACK repetition in Rel-8/9 because the gain achieved by SORTD is be approximately 0.5~1.5 dB [9] and the exact value of gain can’t be guaranteed. In addition, performance improvements without power control will contribute to reduce the inter-code interference. Therefore, SORTD ought not to be designed only for the limited number of UEs in cell-edge, but also for the UEs, which can enjoy gain obtained by the existing useless orthogonal resources. In conclusion, Option 1-1, 1-2 and Alt 2 is preferable.
Observation:

· The benefit of SORTD is the Tx diversity gain with unused orthogonal resources

· Option 1-1, 1-2 or Alt 2 would be preferable

2.1.3. Power control

It is proposed in [7] that the different transmission power should be applied for SORTD and SAP to achieve more precise performance control. If we assume the proposed scheme is used in Rel-10, UEs are required to change the transmission power immediately at least in Alt2 depending on the detected number of CCEs. It is because UEs dynamically switch the Tx schemes depending on the number of CCEs comprising the DL assignment in Alt 2. 
However, dynamic closed loop power control by DCI format has already been adopted in Rel-8/9. Therefore, we believe that this does not impose additional complexity to support immediate power control at UEs. We think Alt 2 should not be precluded because of the introduction of immediate power control. Thus, we would like to summarize our view as below:
Observation:

· Even if a different transmission power is applied for SORTD and SAP, it should not be considered as the reason to select the resource allocation scheme, i.e. Alt 1 or Alt 2.
2.1.4. CCE confusion

It was reported in [7] that the PDCCH with aggregation level both L=1 and L=2 can be successfully decoded in the case when the UE-specific search spaces (USS) for the same UE are overlapped as shown in Figure 1. This means that the additional complexity is required for UEs to detect the CCE aggregation level because it was not necessary in Rel-8/9 environments.
If we focus on the state that the switching of transmission mode to SORTD by higher layers is completed, Alt 1 seems to be more beneficial because the confusion of L=1 or L=2 will never be problems for SORTD. However, during the configuration process between SAP and SORTD, the situation might be opposite because Alt 2 has the possibility to use DL assignment consisting of one CCE as a fall back scheme during Tx mode transition. Of course, it is unclear that one CCE is enough to achieve the enough accuracy because the UEs, which require SORTD, might generally be located on the cell-edge. In our view, it is dangerous to conclude that Alt 1 is robust for the confusion issue, and eNB implementation approach would be anyway necessary.
Therefore, we conclude that the confusion issue between SAP and SORTD occurs not only Alt 2 but also Alt 1, and the solution for eNB must support the receiver to decode both SAP and SORTD at the same time. Therefore, CCE confusion issue can’t be a factor to choose a resource allocation scheme.
Observation:

· An eNB implementation technique to solve the confusion issue between single antenna port mode and SORTD is necessary for both Alt 1 and Alt 2

· CCE confusion should not be considered as the reason to choose the resource allocation scheme.
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Figure 1: Examples of CCE confusion

2.2. Consideration and our recommendation

Taking the above discussion on SOTRD, Alt 2 would be the best solution for the second resource allocation. 
Proposal 1:

· When the DL assignment consists of one CCE, the UE transmits ACK/NACK at single antenna port mode and the resource for UL ACK/NACK is derived from nCCE (i.e. same manner as Rel-8/9)
In the case that CCE aggregation level of DL assignment is two or more, the second resource can be selected from one of the remaining CCE(s). For the simplicity we prefer to employ a nCCE+1 for the second resource allocation.

Proposal 2:
· When the DL assignment consists of two or more CCEs, the second resource for the second antenna port is derived from the number of the second CCE (i.e. the number of the first CCE plus 1).

3. Conclusion

In this contribution, we analyzed the benefits and drawbacks for Alt 1 and Alt 2 for the second resource allocation scheme of PUCCH format 1a/1b SORTD. Our proposals can be summarized as following:
Proposals:

· When the DL assignment consists of one CCE, the UE transmits ACK/NACK at single antenna port mode and the resource for UL ACK/NACK is derived from nCCE (i.e. same manner as Rel-8/9)
· When the DL assignment consists of two or more CCEs, the UE transmits ACK/NACK with SORTD and the second resource for the second antenna port is derived from the number of the second CCE (i.e. the number of the first CCE plus 1).
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5. Annex
5.1. Alt 1. SORTD is always ON if configured
5.1.1. Option 1-1. The second resource is always derived from nCCE+1:

This scheme proposes to assign the second resource by nCCE+1 even if CCE aggregation level is one[2]. The benefit of this scheme is that the resource would never collide between UEs as far as two or more CCEs are used for PDCCH. On the other hand, scheduling restriction would be happen when PDCCH is scheduled with only one CCE, as shown in Figure 2. As a result, eNB should choose the first CCE index carefully to minimize the collision.

5.1.2. Option 1-2. The second resource is derived from nCCE + 1 or nCCE -1:

In this scheme, the second resource is assigned depending on the number of the CCE that shares the same parent node as nCCE in the search space. When DL assignment consists of one CCE and the CCE index is an even number, the second resource is derived from nCCE+1. And when DL assignment consists of one CCE and the CCE index is an odd number, the second resource is derived from nCCE-1, as shown in Figure 3. The benefit of this scheme is that one PDCCH candidate cannot be used for scheduling of DL assignment.
5.1.3. Option 1-3. The second resource is explicitly allocated by higher layers:

In this scheme, the second resource is assigned by higher layer signaling [4]. The benefit of this scheme is that it is not necessary to consider the collision of nCCE. The resources for SORTD will be reserved in the different region from those for dynamic A/N, similar to A/N repetition in Rel-8/9.
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Figure 2: Example of Option 1-1
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Figure 3: Example of Option 1-2
5.2. Alt 2. SORTD when two ore more CCEs, fallback to single antenna port when one CCE:

This scheme proposes that an ACK/NACK is transmitted with SORTD when DL assignment consists of two or more CCEs. In the case when DL assignment consists of a single CCE, ACK/NACK is transmitted with SAP mode [5][6]. In this scheme, the dynamic fallback from SORTD mode to SAP mode would be possible by the eNB control. Therefore, this scheme is beneficial in terms of the eNB scheduler flexibility because it is not necessary to consider the collision of DL assignment.
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