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1. Introduction

In the RAN1#62bis meeting, the maximum number of A/N payload size bits was discussed for R10 TDD PUCCH. The following was agreed:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In this contribution, we discuss the applicability of AN bundling Mode 2 for PUCCH Format 3, i.e. the need for spatial-bundling employed with time-domain and/or CC domain bundling.

2. Discussion

For Mode 1 agreed in RAN1#62bis, the use of spatial bundling is assumed for R10 TDD AN feedback using PUCCH Format 3 in order to reduce the AN payload size to a value not larger than 20 bits.

The necessity for Mode 2, i.e. spatial bundling employed with either some form of time-domain or CC-domain bundling is FFS.

In Table 1, we summarize the number of required AN payload bits for the 7 TDD frame configurations with Carrier Aggregation using from 2 up to 5 component carriers.

Table entries colored in red correspond to Carrier Aggregation using N component carriers for a given TDD frame configuration not supported. Yellow entries require the use of spatial bundling (for at least a subset of TB’s). Green entries correspond to Carrier Aggregation using N component carriers supported with or without spatial bundling.

	TDD UL:DL
Frame Config
	2 CC’s
	3 CC’s
	4 CC’s
	5 CC’s

	0
	4 (2)
	6 (3)
	8 (4)
	10 (5)

	1
	8 (4)
	12 (6)
	16 (8)
	20 (10)

	2
	16 (8)
	24 (12)
	32 (16)
	40 (20)

	3
	12 (6)
	18 (9)
	24 (12)
	30 (15)

	4
	16 (8)
	24 (12)
	32 (16)
	40 (20)

	5
	36 (18)
	54 (27)
	72 (36)
	90 (45)

	6
	4 (2)
	6 (3)
	8 (4)
	10 (5)


Table 1: Number of AN payload bits with full AN multiplexing (and with spatial bundling employed)

While it may be tempting to consider either time-domain or CC-domain bundling for a further reduction in AN payload size (and to lower the required SNR operating point for PUCCH Format 3), we believe it is pertinent to first look at the typically expected CA scenarios in R10.

Signaling and protocol specifications for the R10 Carrier Aggregation feature are designed in a generic way to support aggregation of up to 5 component carriers, and to allow for release-independent introduction of CA scenarios beyond the baseline FDD and TDD CA scenarios in R10.

R10 TDD CA RF scenarios allow for 50 MHz intra-band carrier aggregation (Band 40). This corresponds to 3 component carriers with support on the eNB side primarily an implementation issue. UE capabilities however will evolve more slowly. Support for 20 MHz is the default case already for R8. UE’s supporting 40 MHz through a single UL Tx path are in reach for the near-term future, with full support for the nominal 50 MHz aggregated BW in Band 40 anticipated as one more evolution step [8].

It is therefore reasonable to assume CA first using 2 (then 3) component carriers in TDD.

R8 TDD HARQ protocol has been designed to fully account for DL:UL asymmetries up to 4:1, and can carry AN corresponding to 4 DL subframes mapped into one UL subframe. The broadcast-centric frame configuration 5 constitutes an exception case in terms of its nominal DL:UL asymmetry ratio 9:1. It is warranted to consider using the R8 precedence for limited support of features such as SPS, TTI bundling or forcing the setting of a particular AN feedback mode for some frame configurations.

Proposal

Do not to optimize R10 TDD PUCCH design for all possible frame configurations, e.g. no support for frame configuration 5 with more than 2 CC’s.
Frame configurations 1 and 3 should be chosen as representative use cases for practical deployments. AN corresponding to 2 or 3 DL subframes is mapped into one UL subframe.

Accordingly, a typical R10 TDD scenario is therefore 2 (later 3 CC’s) in combination with DL:UL subframe mappings for AN corresponding to 2:1 or 3:1.

Observation

Using 2 (later 3) CC’s and DL:UL 2:1 and 3:1, typically expected AN payloads are in the range of 8 to 12 bits (later up to 18 bits) in absence of spatial bundling, and 4 to 6 (later up to 9) bits when spatial bundling is employed.

Spatial bundling is the least penalizing of all bundling approaches in terms of observable DL throughput degradation (several percentage points). Furthermore, error handling due to DL missed detection isn’t made worse due to the principle of using a single DL assignment DCI per subframe independent of one or two TB’s in the R8 design.

The required SINR for AN payload sizes using PUCCH Format 3 in EPA3 and ETU120 are summarized in Table 2 [1][3][6].
	Required SINR [dB]
	4
	6
	8
	10
	16
	20

	EPA3 / 10 MHz
	-5.8
	-5.2
	-4.6
	-3.8
	-0.6
	0.2

	ETU120 / 5 MHz
	-5.2
	-4.7
	-2.9
	-1.7
	1.2
	2.5


Table 2: Required SINR for AN payload sizes for PUCCH Format 3
We observe that AN payload sizes in the order to 4-6 bits (2 CC’s, 2:1 and 3:1, spatial bundling) result in a required SINR in the -4.5 to -5.5 dB range. Similarly, even in presence of 3 CC’s and AN payload in the 4-9 bit range using spatial bundling, the required operating SINR would be in the -4 to -5.5 dB range for the vast majority of low-mobility users.
This allows for reuse 1 on the PUCCH Type 3 allocated RB’s in presence of multiple concurrent UL transmissions below the nominal multiplexing capacity of DFT-S OFDM in macro deployments for 80-90% of users [2][3].

Observation:

Using spatial bundling, the required operating SINR for PUCCH Format 3 carrying 4-9 bits AN payload (2 or 3 CC’s, 2:1 or 3:1) can be sustained at typical geometries observed for PUCCH for the majority of users.

We note that PUCCH Type 3 transmission of 20 bits AN payload using the dual RM scheme would result in a required SINR of at least some 2-3 dB which is clearly not in range for the vast number of users (>80-90%) in typically observed PUCCH geometries. While eNB scheduling, the usage of the ARI, and ICIC may still be able to cope with this high required SINR target, it is likely that the resulting DL throughput becomes significantly throttled due to dependencies between the insufficient UL link budget of a user and the corresponding reduction in DL allocations.

In consequence, the use of time-domain or CC-domain bundling in conjunction with spatial bundling for TDD PUCCH Type 3 should be seen as a performance optimization that would primarily become relevant for cases higher than the typical 4-9 bits AN payload sizes (2 or 3 CC’s, 2:1 or 3:1, spatial bundling) expected for R10 TDD.
We deem that the need for such a performance optimization is not critical for R10. 

Proposal

Consider CC-domain and/or time-domain bundling in conjunction with spatial bundling for PUCCH Format 3 as performance-enhancing technique targeting AN payload size in excess of 10 bits.
It is a separate question whether PUCCH Type 1b with Channel-Selection should support spatial bundling with either time-domain or CC-domain bundling.

Beyond basic performance considerations, the introduction of CC-domain bundling for the specific case of TDD would result in receiver and transmitter processing across multiple CC’s, and thus would move away from the principle of CC independent processing and R8 design reuse. We deem this is highly undesirable.
We also think that it is not right away necessary to extend the applicability of PUCCH Format 1 with CS to address AN payload sizes that can already be handled through the PUCCH Format 3 without any significant penalty.

In the interest of timely completion of the TDD-specific aspects of the R10 carrier aggregation feature, we recommend to focus efforts on the DAI, rather than the PUCCH bundling modes beyond the use of spatial bundling.

3. Summary
In this contribution, we discussed the need for time-domain and/or CC-domain bundling in conjunction with spatial bundling for PUCCH Format 3.
Recommendation:
· In R10, no time-domain and/or CC-domain bundling in conjunction with spatial bundling for PUCCH Format 3, i.e. Mode 2 is not supported.

· The use of spatial bundling is independently configured per CC through RRC and shall be possible for all AN payload sizes. Use of spatial bundling is mandatory when the number of AN bits to be indicated would exceed 20.

· No support for CA using more than 2 CC’s with frame configuration 5.
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