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1 Introduction 

Support for channel selection SORTD in Rel-11 was agreed in RAN1#69.  The principal aspect that is still undecided is how to determine PUCCH resource for antenna port 1. The set of possible solutions for port 1 resource allocation was narrowed down to 3 alternatives: Alt. 1: RRC configuration, Alt. 2: offsetting the port 0 resource by 2 or 1, and Alt. 3: an offset of 1 from port 0 with spatial bundling for 3 or 4 Ack/Nack bits.  

We discuss how RAN1 might select among the three alternatives, considering PUCCH resource efficiency results, specification impact / simplicity, and downlink throughput.   We find that:

· Alternative 3 is the least suitable because it uses spatial bundling. Spatial bundling decreases downlink throughput and leads to significant spec impact, as TxD and single antenna must be treated differently with respect to spatial bundling.  Also, the resource allocation for port 0 in alternative 3 in the 3 and 4 Ack/Nack bit case appears inconsistent with the agreement to use the same resources as Rel-10 single antenna port transmission.  Finally, we would like to better understand if/how a TDD UE can be configured between SORTD and single antenna port operation.
· Alternative 1 is more suitable, as it is capable of delivering up to 4 distinct Ack/Nack bits.  However, RRC configuring up to 4 PUCCH resources solely for antenna port 1 leads to inefficient use of PUCCH resource. Our simulation results show that to avoid scheduler blocking, multiple PUCCH PRBs must be reserved for the sole use of a modest number of UEs (e.g. 4 cross carrier scheduled PUCCH TxD UEs transmitting 4 Ack/Nack bits in a subframe).  Furthermore, this alternative requires changes to RRC signalling and will incur additional signalling overhead over alternatives 3 and 2.
· Alternative 2 supports both implicit and explicit resource allocation, and so has better resource efficiency than alternative 1.  Under the simulated example scenario, 4 cross-carrier scheduled UEs can be supported with 4 Ack/Nack bits in a subframe without dramatically affecting blocking probability.  It also has the minimum spec impact, supporting both explicit and implicit resource allocation with no change to RRC signalling and a common change for the resource allocation cases in 36.213.  A CR sketch is provided in an attachment to more clearly illustrate the amount of change to the specifications that is needed.
Given its higher PUCCH resource efficiency, minimal specification impact, and maximum downlink throughput, we recommend that alternative 2 is supported in Rel-11.
2 SORTD resource allocation agreement and background
We first have some observations and clarifications on the agreement from RAN1#69 below:

· SORTD based PUCCH TxD is adopted for format 1b channel selection in Rel-11.

· Strive for a simple solution that involves minimum spec change

· PUCCH Resource Allocation

· For Antenna port 0, the resource allocation of PUCCH format 1b with channel selection Transmit Diversity equals the one of Rel-10, i.e.
· Port 1 resource allocation method is one of the following three alternatives, to be decided in the next meeting
· Alt 1: For antenna port 1, the resources are explicitly RRC configured
· Alt 2: For antenna port 1, the resources used on antenna port 1 are:

· 
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for implicit resources when MIMO is configured for FDD and TDD M=1
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· Alt 3: For antenna port 1, the resources used on antenna port 1 are:

· 
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· Spatial bundling for 3 or 4 bits case

In our view, the first sub-bullet point is critical.  As discussed in [1] and [2], there is limited motivation for SORTD in Rel-11 from a UE vendor and operator perspective.  Since it should also be an optional feature in Rel-11 MIMO capable UEs, SORTD needs to be attractive to both UE vendors and operators to deploy.  Therefore, channel selection SORTD in Rel-11 should have as small as possible complexity and specification impact to motivate UE vendors to implement, and have as small as possible loss of PUCCH resource efficiency to motivate network vendors to deploy.
The primary merit of SORTD is the simplicity with which the transmissions on the diversity antenna are generated.  However, this simplicity can be overshadowed or lost by the need for complex PUCCH resource allocation or signaling.   Therefore, it seems imperative to minimize the complexity and specification impact of SORTD on PUCCH resource allocation and related higher layer signaling.

SORTD by its nature doubles the number of PUCCH resources relative to single antenna operation.  This efficiency loss should be minimized as much as possible by making maximal use of efficient resource allocation methods, such as implicit resource allocation or at least ARI.
Our understanding of the agreement is that using the Rel-10 resource allocation of PUCCH format 1b with channel selection for SORTD on antenna port 0 can be expressed as 
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.  This is straightforward to include in the specifications, and is consistent with SORTD for format 1a/1b in Rel-10.

Also, our understanding is that the alternative to be specified in Rel-11 will be for both FDD and TDD.  

To summarize:

Observations:

· Channel selection SORTD needs as small as possible complexity and specification impact to motivate its implementation.  This leads to the need to minimize resource allocation complexity.
· As SORTD doubles the the number of PUCCH resources relative to single antenna operation, efficient resource allocation methods are needed to minimize PUCCH resource efficiency losses.
Clarifications:

· Using the Rel-10 resource allocation of PUCCH format 1b with channel selection for SORTD on antenna port 0 can be expressed as 
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· The alternative to be specified in Rel-11 will be used for both FDD and TDD.
3 Port 1 resource allocation alternatives

We consider each of the alternatives in turn:

3.1 Alternative 1 
Alternative 1 semi-statically signals the PUCCH resources for antenna port 1 using RRC.  In order to support up to 4 distinct Ack/Nack bits, up to 4 resources are signalled to the UE for use on antenna port 1.  We expect this should not be difficult to specify in 36.213.
RRC configuration implies that a maximum number of resources must be used for a UE.  If only one of PCell/Scell is scheduled, then half of the configured resources for the UE on port 1 are wasted.  Similarly, deactivated SCells’ resource will be wasted.
RRC configured resources can’t be shared among UEs in a subframe.  As is shown in the simulation results in section 4, this reduces scheduler efficiency substantially.

Alternative 1 is also inconsistent with Rel-10 PUCCH TxD for format 1b.  Format 1b TxD uses ncce+1 to find resources on antenna port 1, as opposed to RRC configured resources in this alternative.  If implicit signalling is used for format 1b, we don’t see why it should not be used for format 1b with channel selection.

The benefits and drawbacks of alternative 1 we can observe so far are then:

Benefits:

· Its specification impact on 36.213 is modest. 

Drawbacks:

· Resource allocation is not consistent with Rel-10 TxD: RRC configured resources are used for antenna port 1 when PDCCH schedules PDSCH.

· New RRC signaling and parameters are needed in 36.331 and 36.213.
· RRC signaling overhead is increased: up to 4 resources are needed per UE.
· PUCCH resource usage is inefficient, and neither implicit resource allocation nor ARI is supported for antenna port 1.  Port 1 resources can’t be shared among UEs in a subframe, and if a cell is not scheduled resources allocated for the UE on that cell are wasted.

3.2 Alternative 2
Alternative 2 supports implicit resource allocation by treating MIMO transmission differently for TDD with M>1 than in the the FDD and TDD M=1 cases.  When FDD is used, or in a TDD subframe with M=1, implicit resource on antenna port 1 is 
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.  When explicit resources are allocated (for both FDD and TDD) or implicit resources are allocated in a TDD subframe with M>1, the resource on antenna port 1 is 
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This support for implicit resource allocation and ARI has two benefits: the amount of resource used per UE can vary dynamically, and UEs can dynamically share resources.  Unlike RRC configured resources, if only one cell is scheduled, resources on the other cell can be reused.  Resources on deactivated SCells can also be reused.  

Since the implicit resource allocation in alternative 2 is a straightforward extension of Rel-8, it also allows resource to be allocated to UEs as they are scheduled.  The resulting benefit to PUCCH resource efficiency is particularly important due to SORTD’s heavy use of PUCCH resource.
The additional resources needed for SORTD do not come for free, however.  When 
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, there can be increased scheduler blocking on PCell for PDCCHs with aggregation level 1.  Similarly, when 
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, there can be increased blocking on PCell for PDCCHs with aggregation level 1 or 2.   Note that because the SCell only uses explicit resource allocation, using 
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 does not increase PDCCH blocking.  The simulation results in section 4 provide some quantification of the impact of PUCCH resource limitations on scheduler blocking.
The benefits and drawbacks of alternative 2 we can observe so far are then:

Benefits:

· Its spec impact is minimal. Only 36.213 requires changes, and two modes of allocation are needed for all the different ways resources are allocated for channel selection. 
· Support for implicit resource allocation substantially improves PUCCH resource efficiency for SORTD.

· Resource allocation is consistent with Rel-10 TxD. Implicit resources are used for antenna port 1 when PCell PDCCH schedules PDSCH, and resources are determined from ARI from PDCCHs on SCell.

Drawbacks:

· Scheduler blocking can increase for aggregation level 1 PDCCHs for TDD with M>1, and for levels 1 and 2 for FDD or TDD with M=1.

3.3 Alternative 3
Alternative 3 determines the PUCCH resource for antenna port 1 by adding 1 to the Rel-10 PUCCH resource, independently of when MIMO is used.  Our understanding is that it spatially bundles one or two pairs of Ack/Nack bits together.  Therefore for FDD and for TDD with M=1, only two distinct Ack/Nack bits are transmitted using four PUCCH resources for 2, 3, and 4 Ack/Nack bits.  For TDD with M>1, spatial bundling is already applied, so the number of distinct Ack/Nack bits and PUCCH resources is the same as in Rel-10.  
Alternative 3 reduces the PUCCH resource at the cost of transmitting fewer Ack/Nack bits.  Using fewer Ack/Nack bits can result in significant downlink throughput loss, as observed in [5].  Since it is the purpose of TxD to improve radio link performance, it seems undesirable to degrade a link’s performance by adding a feature.  
Alternative 3 appears self-contradictory for FDD and for TDD with M=1.  Rel-10 channel selection (without TxD) uses ncce+1 to determine PCell’s second PUCCH resource on port 0.  If spatial bundling is used with TxD, ncce+1 is instead used to determine PCell’s PUCCH resource on port 1.  Similarly, a PDCCH on SCell allocates two PUCCH resources on port 0 for MIMO, but with TxD these would be used on port 0 and port 1.  Therefore, it does not seem possible in alternative 3 to have resource allocation for port 0 with TxD to be the same as Rel-10 PUCCH resource allocation.
Alternative 3 can be implemented by changing from Rel-10 MIMO behavior for antenna port 0 when TxD is configured.  However, the specification impact of alternative 3 is likely to be larger than alternatives 1 and 2.  Spatial bundling must be introduced in this alternative for FDD and for TDD with M=1.  Since the Rel-10 PUCCH resource used for MIMO for SPS, PDCCH on PCell, and PDCCH on SCell is specified based on the transmission mode, a fair number of changes are needed to support each of these cases.
It is not clear to us yet how reconfiguration to/from TxD works.  Because alternative 3 can have different behaviour on antenna port 0 between TxD and single antenna port operation, and since TDD uses 2 PUCCH resources to convey PCell Ack/Nack states, we would like a better understanding of how eNB can interpret Ack/Nack responses during reconfiguration.
The benefits and drawbacks of alternative 3 we can observe so far are then:

Benefits:

· PUCCH resource usage is efficient for 2 Ack/Nack bits, since implicit resource allocation is used.  

· It does not increase blocking for PDCCHs with aggregation level 2 in the 2 Ack/Nack bits case.

Drawbacks:

· 3 and 4 distinct Ack/Nack bits are not supported due to spatial bundling.  This can degrade downlink throughput, which is at odds with the purpose of TxD to improve link performance.
· It is not yet clear to us if/how a UE can be reconfigured between SORTD and single antenna port operation.  This is because alternative 3 can have different behaviour on antenna port 0 between these modes and Rel-10 TDD Ack/Nack mapping tables may have difficulty supporting this.
· It appears inconsistent with the agreement from RAN1#69.  Resources used on antenna port 0 can’t be the same as Rel-10 single antenna port transmission in the 3 and 4 Ack/Nack bit case.  

· It has a large spec impact to 36.213 due to its use of spatial bundling.  TxD and single antenna must be treated differently with respect to spatial bundling.  Since the Rel-10 PUCCH resource used in these modes for SPS, PDCCH on PCell, and PDCCH on SCell is specified based on the transmission mode, a fair number of changes are needed.
4 Initial evaluation of scheduling efficiency

The spectral efficiency impact of resource allocation in alternatives 1 and 2 can be gauged by the ability to schedule a UE in a subframe.  Some preliminary results are provided here, based on the simulation methodology given in [4] and PDCCH SINR requirements from [6].  We consider how often a UE can be scheduled on a PDSCH using PDCCH and PUCCH in a primary cell, assuming that 4 UEs’ PDSCHs are scheduled on both PCell and SCell.  A simple scheduler is used, wherein only the UE specific search space is scheduled and a single attempt is made to schedule each UE using one PDCCH size at each position in its search space.  The simulation parameters are given in Table 1 below. 

Table 1: Simulation Parameters
	Parameter
	Value

	System bandwidth
	10 MHz

	Number of PDCCH CCEs
	40(CFI=3)

	Number of CRS ports
	2

	Number of scheduling cells 
	2 (with cross carrier scheduling)

	Scenario
	ITU UMi [3]

	Link adaption of PDCCH

assuming DCI format 2C [6]
	Aggregation 1 (SNR >=  9.0 dB)

Aggregation 2 (2.0 dB <= SNR < 9.0 dB)

Aggregation 4 (-0.7 dB <= SNR < 2.0 dB)

Aggregation 8 (-3.0 < SNR < -0.7 dB)

	UE probability per CCE 
aggregation level [1 2 4 8]
	[34 38 17 11]% 



	UE C-RNTI
	Randomly generated

	Scheduling
	4 UEs are randomly selected

	PUCCH Configuration
	4 bit format 1b channel selection

(18 PUCCH resources per PRB)

	Transmit Diversity
	SORTD using 8 PUCCH Resources

1 Tx using 4 PUCCH Resources

	Resource Allocation
	1 Tx: Implicit Resource Allocation 

	
	SORTD: Alternative 1 

Implicit Resource Allocation for Port 0

{1, 2, 3} PUCCH PRBs Reserved for Port 1

RRC resources randomly drawn

	
	SORTD: Alternative 2

Implicit Resource Allocation for Ports 0 & 1;

No Additional PUCCH Resource Reserved

	TDD Configuration
	1


We show results in Table 2 for single antenna PUCCH transmission, and PUCCH TxD using alternatives 1 and 2. Three results are reported for alternative 1, corresponding to when 1, 2, or 3 PUCCH PRBs are reserved for antenna port 1.  As can be seen from the results, because alternative 1 RRC configures PUCCH resources for antenna port 1, it reduces the ability to schedule UEs substantially.  For TTD configuration 1, when 40 CCEs are available and one PRB is reserved for RRC configured port 1 resources, scheduler blocking for SORTD increases to 43%, a 31% increase over alternative 2.  Even when three PRBs are reserved, the blocking is still 7% larger than alternative 2.  
Table 2: Simulation results

	
	Average fraction of PDSCHs that can’t be scheduled

	TDD 

Configuration
	Single Antenna
	Alternative 2
	Alternative 1
(1, 2, 3 PRBs)

	1
	9.2%
	12%
	43%, 25%, 19% 


5 Conclusions
A summary comparison of alternatives 1, 2, and 3 is given in Table 3 below.  The impact on RAN1 specifications, the RRC specification, PUCCH resource efficiency, PDSCH throughput, the ability to reconfigure between 1 PUCCH antenna port and PUCCH TxD, and compatibility with Rel-10 resource allocation on antenna port 0 is shown.  We observe:

· Alternative 3 is the least suitable. Its use of spatial bundling for 3 and 4 Ack/Nack bits implies that 36.213 will require significant change. Spatial bundling also degrades PDSCH throughput (possibly 7% or more according to [5]). Furthermore, spatial bundling makes it unclear how UEs can be reconfigured between single antenna port and PUCCH TxD operation, which leads to some potential impact on RRC signalling.  Finally, the resource allocation for port 0 in alternative 3 appears inconsistent in the 3 and 4 Ack/Nack bit case with the agreement to use the same resources as Rel-10 single antenna port transmission.  
· Alternative 1 is more suitable, as it is capable of delivering up to 4 distinct Ack/Nack bits.  It should require modest changes to 36.213, has no impact on PDSCH throughput, and its antenna port 0 behavior is the same as Rel-10.  However, RRC configuring up to 4 PUCCH resources solely for antenna port 1 leads to inefficient use of PUCCH resource. Our simulation results show that to avoid scheduler blocking, multiple PRBs must be reserved for the sole use of 4 cross carrier scheduled PUCCH TxD UEs transmitting 4 Ack/Nack bits in a subframe.  This alternative also requires changes to RRC signalling and will incur additional signalling overhead over alternatives 3 and 2.  Furthermore, the use of RRC configured resources for port 1 when port 0 is implicitly allocated is inconsistent with Rel-10 PUCCH TxD for format 1b, which uses ncce+1.
· Alternative 2 supports both implicit and explicit resource allocation, and so has better resource efficiency than alternative 1.  In the simulated scenario, up to 4 cross-carrier scheduled UEs can be supported with 4 Ack/Nack bits in a subframe without dramatically affecting blocking probability.  It also has the minimum spec impact, supporting both explicit and implicit resource allocation with no change to RRC signalling and a common change for the resource allocation cases in 36.213.  A CR sketch is provided in an attachment to more clearly illustrate the amount of change to the specifications that is needed.

Table 3: Summary Comparison of Port 1 Resource Allocation Alternatives
	Alternative
	1
	2
	3

	L1 Impact
	Modest change to 36.213
	Modest change to 36.213
	Significant change to 36.213

	RRC Impact
	•Needs new signaling and parameters
•Increases RRC overhead
	None
	Unclear: Reconfiguration to 1 PUCCH port requires clarification.

	PUCCH Resource Efficiency for SORTD
	Poor: 

•Multiple PUCCH PRBs needed to avoid scheduler blocking 
•Resource wasted from unscheduled cells.
	Good: No PUCCH resource reserved for port 1.
	Good (only for 2 bit case)

	PDSCH Throughput
	No Impact
	No Impact
	Degraded

	Reconfiguration to 1 PUCCH port
	Clear
	Clear
	Unclear for 3 & 4 bit TDD

	Port 0 Resource Allocation
	Rel-10
	Rel-10
	Incompatible with Rel-10 for 3 & 4 bits

	Port 1 Resource Allocation
	Inconsistent with Rel-10 PUCCH format 1b TxD
	Consistent with Rel-10 PUCCH format 1b TxD
	Consistent with Rel-10 PUCCH format 1b TxD


Given its higher resource efficiency, low specification impact, and maximum downlink throughput, we recommend that alternative 2 is supported in Rel-11.  
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