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1 Introduction
The core part of the Rel-13 eCA WI [1] has been completed in RAN#70. According to the work plan, the performance part of the WI starts from RAN4#78, and the objectives of the performance work are

	· Specify the necessary (if any) UE and eNodeB performance requirements for PUCCH on SCell for LTE Carrier Aggregation for the scenarios addressed in RAN1 and RAN2 specifications. 

· Specify the necessary (if any) UE and eNodeB performance requirements for support of up to 32 component carriers for LTE Carrier Aggregation for the scenarios addressed in RAN1 and RAN2 specifications.
Note: No band specific RAN4 work is planned (according to the 3rd objective of the core part).


In order to support up to 32 CCs for LTE CA, RAN1 defined two new PUCCH formats (PFs), namely PF4 and PF5, which are designed to carrier large payload of UCI accommodating HARQ-ACK and possibly Periodic CSI (P-CSI) and SR for multiple carriers from a single UE.   
RAN4 should discuss the BS demod performance for the new PUCCH formats. Several open issues due to the new characteristics of the PF4/5 should be addressed in the requirement specification work. In this paper, we will provide our views on the BS demod performance tests for the new PUCCH formats in Rel-13.   
2 Discussion
The main design target of PF4/5 is to support large UCI payload with increasing number of aggregated CCs per UE, so one important and straightforward use case of the new formats is the HARQ-ACK feedback for more than 5 CCs. For UE configured with no more than 5 CCs, PF3 can anyway be used as in Rel-12. 

On the other hand, RAN4 RRM/demod performance requirements should be based on the available CA combinations (requirement is not defined for future combinations), and in Rel-13 no CA combination was defined in RF session with more than 5 CCs. Therefore, there were already some discussions in RAN4#77 whether BS demod performance should be defined in Rel-13 or not.  
In our understanding, BS demod performance should be defined in Rel-13. The performance work has already been planned in the WI, and we see BS demod performance as a straightforward work for the WI completeness. More importantly, if the requirements are not defined along with the WI in Rel-13, it will be difficult to find another WI to accommodate the work in Rel-14 or beyond. 
The issue is quite similar to Rel-10 when PF3 was introduced. PF3 is mainly targeted for HARQ-ACK feedback for more than 2 CCs, and in Rel-10 all CA combinations are with 2 CCs, but the BS demod performance requirements were specified in Rel-10.
Another question is regarding whether requirements for both PF4 and PF5 should be defined in Rel-13. We understand that PF5 is considered as optional UE feature in the ongoing RAN1 email discussion, and thus PF4 should take the higher priority. However, if we use the same test setup for both formats, the standardization efforts can be minimized, so we think both formats should be considered in Rel-13.
Proposal 1: BS demod performance requirements for PUCCH format 4 and 5 are defined in Rel-13. Same test setup is used for both PF4 and PF5.
One important characteristic of PF4/5 compared to existing PUCCH formats is that CRC is always enabled. We think this will impact the performance metrics to be verified. In existing requirements for different PUCCH formats, different performance metrics are used.
For HARQ-ACK, the DTX->ACK <=1% is an always-on requirement, and the definition of the metric is copied below.
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, where:
· #(false ACK bits) denotes the number of detected ACK bits. 

· #(ACK/NAK bits) denotes the number of encoded bits per sub-frame

· #(PUCCH DTX) denotes the number of DTX occasions


The DTX->ACK error happens when BS detects ACK in the codeword but nothing was sent. With CRC, the TX/DTX detection at BS can be simply relying on CRC check, and this has been assumed in RAN1 when the CRC length was decided. BS would only detect ACK after CRC passes, and all the encoded bits would be considered as NAK or DTX when CRC fails as BS cannot distinguish which bit is erroneously decoded. Therefore, it is sufficient to verify the CRC pass rate when no signal was sent. This is even a stricter requirement than DTX->ACK, because BS may also detect some NAK bits if CRC falsely passes.

Theoretically, with 8 bits for CRC, the CRC pass rate should be 1/256 when only noise was sent, so the 1% CRC pass rate (or equivalently 0.5% DTX-ACK probability) should not be the limiting metric. Therefore, RAN4 can further discuss if CRC pass rate in absence of signal is verified for PF4/5 or not.
For HARQ-ACK, missed ACK <=1% and NAK->ACK<=0.1% are metric used to verify the BS demod quality. With CRC, either error will lead to CRC failure. Considering all the encoded bits would be considered as NAK or DTX when CRC fails, both errors would have same impact to HARQ transmission, we don't think there is a need for separate tests. 

Instead, it would be more meaningful to check CRC pass rate >=99% in presence of signal, as this is a more relevant metric with realistic BS demod behavior. One concern that may be raised is the residual error after CRC passes, i.e. the ACK->NAK or NAK->ACK error in the block after CRC passes. We have compared the CRC failure rate and BLER in presence of signal in the simulation, and the result show that the difference is very small, and the residual error after CRC passes is negligible.

For CSI, the BLER<=1% is the metric tested. It is straightforward to re-use this metric for P-CSI on PF4/5. Since HARQ-ACK and P-CSI is multiplexed in PF4/5 with joint encoding, a single performance metric, i.e. CRC pass rate >=99% in presence of signal can be used for both.    
Proposal 2: BS demod performance requirements are defined as the SNR levels to achieve below CRC pass rate, regardless whether the message contents include HARQ-ACK, P-CSI, or both. 

1) 99% in presence of signal, and 

2) 1% in absence of signal if considered as necessary
As defined in [2], the new formats will be used to carry out UCI when 

· Semi-static codebook size determination is configured (codebooksizeDetermination-r13=1), or

· Dynamic codebook size determination is configured (codebooksizeDetermination-r13=0) and the total payload size including HARQ-ACK, SR and P-CSI exceeds 22 bits.

To simplify the tests, we prefer to use semi-static codebook size determination (codebooksizeDetermination-r13=1). However, it is also desirable to have the payload size in the tests larger than 22 bits, which exceeds the PF3 limit. 
For TDD, it is easy to find the configuration which can lead to more than 22 bits for HARQ-ACK, with DL heavy TDD configurations. However, for FDD it is not possible to reach more than 22 bits with HARQ-ACK only, and defining the performance requirements for TDD only is not preferable, as the test coverage is limited. 

Since HARQ-ACK and P-CSI will be multiplexed with joint encoding, with the proposed performance metric (i.e. CRC pass rate) there would be no difference if the payload includes HARQ-ACK only or HARQ-ACK plus P-CSI. We think P-CSI can be included so that payload size can exceed 22 bits with FDD. To maintain the same test coverage for TDD and FDD, we think a generic small payload size can be used for both FDD and TDD. Another test for large payload size can be defined for TDD only.
With above consideration, our proposal for the test setup is below.
Proposal 3: The test case setup will correspond to the descriptive use cases of the new PUCCH formats with Rel-13 band combinations 
· FDD and TDD: 24bits

· FDD: 4CC, 2bits for HARQ-ACK and 4bits for P-CSI per CC

· TDD: 2CC configuration 2, 8bits for HARQ-ACK and 4bits for P-CSI per CC 

· TDD only: 48bits

· TDD: 4CC configuration 2, 8bits for HARQ-ACK and 4bits for P-CSI per CC

In our view the performance metric and the payload size in the most difficult part in defining the performance tests. There are also other assumptions which need to be fixed in order to enable the simulation work. Our proposal on the simulation assumptions is listed in Table 1, and most of them are re-used for Rel-10 PF3 evaluation. 
Table 1 Other simulation assumptions for BS demod of PF4/5

	Codeword selection
	Random selection for both HARQ-ACK and P-CSI

	Codebooks size determination
	Semi-static

	ACK repetitions
	Disabled

	Propagation conditions
	EPA5, EVA70
Propagation channel definitions to be reused from 36.104.

	Cyclic Prefix
	Normal CP

	Channel BWs
	10, 15, 20MHz

	Carrier definition
	Carrier frequency: 2.0 GHz

PUCCH on PCell (single PUCCH group)
Number of PRBs for PF4/5: 1

	PUCCH multiplexing
	1 UE

	Antenna’s configuration
	UE: 1Tx 

BS: 2Rx, 4Rx, 8Rx
correlation between branches is 0

no power imbalance between branches

	Timing estimation
	Perfect timing estimation

	Frequency hopping 
	At slot boundary 

	DM RS frequency hopping 
	Disabled

	Power control 
	Off


3 Conclusions 

In this paper, we shared our views on the performance work of Rel-13 B5C CA WI. We discussed the necessity of performance requirements for new PUCCH formats in Rel-13, and also provided our preference on the performance metric and payload in the tests.
We have the following proposals:

Proposal 1: BS demod performance requirements for PUCCH format 4 and 5 are defined in Rel-13. The same test setup is used for both PF4 and PF5.
Proposal 2: BS demod performance requirements are defined as the SNR levels to achieve below CRC pass rate, regardless whether the message contents include HARQ-ACK, P-CSI, or both. 

1) 99% in presence of signal, and 

2) 1% in absence of signal if considered as necessary
Proposal 3: The test case setup will correspond to the descriptive use cases of the new PUCCH formats with Rel-13 band combinations 
· FDD and TDD: 24bits

· FDD: 4CC, 2bits for HARQ-ACK and 4bits for P-CSI per CC

· TDD: 2CC configuration 2, 8bits for HARQ-ACK and 4bits for P-CSI per CC 

· TDD only: 48bits
· TDD: 4CC configuration 2, 8bits for HARQ-ACK and 4bits for P-CSI per CC
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