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1   Introduction
In this contribution, we would like to discuss the impact of B5C on the RAN4 specification of BS demodulation performance requirements. In the Annex we briefly summarize the agreements in RAN1 according to [1]. In Section 2 we analyze the impact on BS demodulation performance requirements. In Section 3, we will discuss the BS performance requirements that should be specified in Rel-13.

2   Analysis of B5C on BS demodulation
To support up to 5CC CA, the two PUCCH cell groups and DC-like two simultaneous PUCCH transmissions are introduced for HARQ-ACK and/or CSI feedback. The motivation is the balance the uplink load when UE can support two uplinks.
To support up to 32CCs, the uplink HARQ-ACK and CSI feedback mechanism is enhanced by also introducing two PUCCH cell groups and new PUSCH-like PUCCH format 4/5 with TBCC (tail bite convolution coding) and CRC. And the other mechanisms like UCI on PUSCH, downlink control channel enhancement and etc are also introduced in order to support more than 22 bit ACK/NACK or CSI feedback. Besides, the new UE categories supporting up to 32CCs are specified.
From the uplink demodulation performance requirement perspective, for enhancement up to 5CC CA, there is no new physical uplink channel introduced, i.e., new PUCCH format. There is no need to introduce the new BS demodulation performance requirements. But for the enhancement up to 32 CC CA, the new PUSCH-like PUCCH formats are introduced, so the new performance requirements should be specified. Besides, for UCI on PUSCH the TBCC and CRS are also utilized, when the feedback bits are more than 22 bits. It is better to verify the performance of demodulation of PUSCH plus TBCC with CRC. 

In our view, the following new BS requirements should be introduced:
· To support up to 32CC CA, introduce the new BS downlink demodulation performance requirements for the new PUSCH-like PUCCH formats; 
· To support up to 32CCs CA, introduce the new BS CA demodulation performance requirements for UCI on PUSCH with more than 22-bit HARQ-ACK and/or CSI feedback. 
For the above proposed requirements, one question would be whether RAN4 should specify the BS demodulation requirements supporting up to 32CCs in Rel-13, given that there will be no UE requirements for up to 32CCs in RAN4 Rel-13 specifications. In our view, the update cycle for network is lower than update cycle of UE in the practical market. And UE support of CA is specified in a release-independent way via TS36.307. Even if the up to 32 CC demodulation performance requirements will be specified in future release, it is feasible to request UE to support larger than 5CC CA from Rel-13. But for BS the situation would be different. Considering the LAA with multiple CCs might be popular in the future, we propose to specify the BS demodulation performance requirements for B5C to encourage the BS implementation being earlier ready.
The second question is whether the new requirements should be based on the single carrier or multiple carriers. When designing the BS CA demodulation performance requirements, we followed the below principles and methodologies: the CA demodulation performance requirements are quite of functionality test which can be tested via multi-carrier PUSCH test and for new PUCCH format to support CA the single carrier based requirement is specified. So we would like to follow the same approach when designing the B5C BS demodulation performance requirements.
For the proposed requirements of UCI on PUSCH, in the existing specification we have one bit HARQ-ACK on PUSCH test. But for support of up to 32 CC the more complex coding scheme is introduced for UCI. It would be better to verify the TBCC decoding performance together based on PUSCH reference signal based channel estimation.
In sum we propose that 
Proposal 1: in Rel-13, introduce the new demodulation performance requirements for new PUSCH-like PUCCH formats based on the single carrier transmission with more than 22-bit feedback.

Proposal 2: in Rel-13, introduce the new demodulation requirements for UCI on PUSCH transmission with TBCC and CRC coding (more than 22 bit feedback).
3   New PUCCH format 4 demodulation performance requirements
In this meeting, we would like to focus on new PUSCH-like PUCCH format demodulation performance requirements. And for UCI on PUSCH test, we would like to discuss in the future meeting.
3.1   Test setup
Before the detailed discussion of new PUCCH format requirements, there would be two questions: 
· Question 1: Should we specify the demodulation performance requirements for both format 4 and format 5?  
· Question 2: Should we consider joint HARQ-ACK and CSI transmission (decoding)?
For Question 1, we would like to focus on PUCCH format 4. The reason is two-fold.  Firstly it was agreed in RAN1 that PUCCH format 5 is optional. In that sense the UE supporting format 4 will be more popular. To save the effort for both specification and test we would like to focus on more mandatory features. And secondly the modulation and reference signal structures for both PUCCH format 4 and format 5 are quite similar except that the CDM is used for format 5. To some extent, if the good performance for PUCCH format 4 was ensured, which means good performance for channel estimation based on new reference signal structures and good performance for TBCC decoding, the performance of format 5 could be guaranteed. The additional implementation is only to de-spread the CDM sequence for both RS and data, which would be functional.
For Question 2, although the information is different between transmission of HARQ-ACK only and HARQ-ACK + CSI, the coding scheme, mapping and reference signals are all the same. In other words, the algorithms for reception are the same and only the information being carried on is different. So to simplify the test procedure, we propose to consider HARQ-ACK only transmission.

 Proposal 3: for the new PUSCH-like PUCCH format tests, only introduce the new requirements for PUCCH format 4.

Proposal 4: for the new PUSCH-like PUCCH format tests, transmit HARQ-ACK only.
Regarding the bit number to be transmitted, the maximum number of HARQ-ACK bits in UL by one UE in one subfarme for DL CA of up to 32CCs was discussed in RAN1. There are a few numbers, i.e., 128, 256, 319, 638. The numbers which are larger than 128 were derived based on the TDD special uplink and downlink configuration. It seems OK use 128 as a starting point.
Regarding the resources for transmission, it is agreed to use 3-bits to indicate the number of PRBs used for the PUCCH format 4 transmissions. In our understanding, more than one and maybe up to 6 PRBs would be used for transmission. To choose the proper numbers of PRB for the requirement, one approach is to make the specified requirements for PUCCH format4 provide the comparable required SNR as the existing PUCCH format 1a requirements. In other words, it is proposed to select HARQ-ACK bit number together with the allocated PRB numbers such that the test points are close to those for PUCCH format 1a test.
Regarding the parameters of the propagation condition, antenna configuration, correlation matrix and cyclic prefix, we do not think that it is necessary to design the tests cover many scenarios, since the existing demodulation performance requirements have already covered a large number combinations of them. We propose to focus on the basic parameters, i.e., considering EVA5 1x2 Low and ETU70 1x2 Low with normal CP.
In Table 1 and Table 2, we provide the test setup for PUCCH format 4 demodulation performance requirements. 
Table 1: Parameters for PUCCH format 4 demodulation performance requirements
	Parameter
	Value

	HARQ-ACK bit number
	[128] as starting point; FFS other options

	Resources for transmission of PUCCH format 4
	FFS: one of {1, 2, …[6]}

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)


Table 2: Test cases for PUCCH format 4 demodulation performance requirements
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EVA 5* Low
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	ETU 70** Low
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note*: 
Not applicable for Wide Area BS and Medium Range BS.

Note**: 
Not applicable for Local Area BS and Home BS.


3.2   Test metric
In the existing PUCCH format 1a performance requirements, two test metrics are used: DTX to ACK probability (false alarm rate < 1%) and ACK missed detection probability (<1%). Originally the NACK to ACK probability is also evaluated when discussing the PUCCH format 1a performance requirements, but after evaluation it was found that at the SNR where ACK missed detection probability = 1% the NACK to ACK probability is much lower than the required value. So NACK to ACK probability was not specified for PUCCH format 1a.
For PUCCH format 4, the difference from PUCCH format 1a is that TBCC and CRC is used. It is quite like PUSCH transmission, i.e., quite like demodulation rather than detection. But as the starting point, we can also consider the following events and have some analysis:
· DTX to ACK (or NACK) event (false alarm): when no PUCCH format 4 is transmitted, the ACK (or NACK) is detected after Viterbi decoding and the CRC checking is passed.
· NACK to ACK event: when the NACK bit is transmitted, the ACK is detected after Viterbi decoding and the CRC checking is passed.
· ACK missed event: when the ACK bit is transmitted, the NACK is detected after Viterbi decoding and the CRC checking is passed, or when the ACK bit is transmitted and the CRC checking fails after Viterbi decoding.
Because the TBCC (tail bite convolution coding) and CRC are used, the probability that 1 bit error and CRC being correct happen simultaneously is very low at a given SNR. And the probability of the first event is extremely low, too. Therefore we propose to only use ACK missed detection probability as the test metric. Maybe more evaluation would be needed if required.
And regarding the ACK missed probability, since TBCC and CRC is used, we still have two options for consideration:
· Option 1: ACK missed detection probability per bit transmitted.

· Option 2: Format 4 block error, i.e., BLER.
According to our analysis, two curves by using bit error (Option1) and block error (Option2) are closed to each other and the difference occurs at lower error region. But in the existing network the high layer and scheduler are designed based on ACK bit error rate the same as what is used in the existing uplink HARQ-ACK performance requirements. So we propose that
Proposal 5: only use ACK bit missed detection probability as the test metric for PUCCH format 4 performance requirements.
4   Conclusions
In this contribution, we discuss the BS demodulation performance requirements for PUCCH format 4. The proposals are summarized as follows:
Proposal 1: in Rel-13, introduce the new demodulation performance requirements for new PUSCH-like PUCCH formats based on the single carrier transmission with more than 22-bit feedback.

Proposal 2: in Rel-13, introduce the new demodulation requirements for UCI on PUSCH transmission with TBCC and CRC coding (more than 22 bit feedback).
Proposal 3: for the new PUSCH-like PUCCH format tests, only introduce the new requirements for PUCCH format 4.

Proposal 4: for the new PUSCH-like PUCCH format tests, transmit HARQ-ACK only.
Proposal 5: only use ACK bit missed detection probability as the test metric for PUCCH format 4 performance requirements.
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6   Annex: Summary of RAN1 agreements
In this section, we will briefly summarize the RAN1 agreements for B5C.

	B5C features
	Descriptions
	UE or BS
	New test?
	Analysis

	PUCCH supporting up to 5CCs
	PUCCH transmission on 2 serving cells is realized by two PUCCCH cell groups (CGs), i.e., one PCell and one SCell can be used to transmit ACK/NACK and P-CSI/A-CSI
	UE
	Yes
	Verify the functionally supporting 2 uplink PUCCH ACK/NACK and CSI feedback, since the similar DC performance requirements are defined and can be reused.

	
	
	BS
	No
	No new algorithm and implementation is needed.

	New PUCCH format(s) supporting up to 32CCs
	Uplink: Two PUCCH cell groups are configured for up to 32 CCs and PUSCH-like new PUCCH formats are specified for more than 22-bits HARQ-ACK and CSI feedback. And dynamic HARQ-ACK codebook is specified. New schemes of UCI on PUSCH is designed with RI coding for more than 22-bit and new beta offset for HARQ-ACK on PUSCH.

Downlink: Effort to reduce the blind detection numbers for USS. Define the new UE categories supporting up to 32CCs.
	UE
	No
	So far there is no agreed architecture of UE supporting up to 32CCs and no CA bandwidth combination supporting up to 32CCs. There is no RF and RRM requirements supporting up to 32 CCs specified in Rel-13.

	
	
	BS
	Yes
	Verify the demodulation performance for PUCCH format 4 supporting up to 32 CCs, say more than 22bit ACK/NACK in a subframe.
Verify the demodulation performance of UCL on PUSCH
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