3GPP TSG RAN WG1 Meeting #71
                           R1-124973
New Orleans, USA, 12th – 16th November 2012

Agenda Item:
6.2.1.3
Source: 
LG Electronics

Title: 
Power control for channel selection with SORTD in case of single cell TDD
Document for:
Discussion and decision
1. Introduction

In RAN1#70bis and following email discussion [70bis-02], it was agreed that transmit diversity for PUCCH Format 1b with channel selection is supported by the CA capable UEs in Rel-11 as follows:
	· In TDD, if SORTD with PUCCH format 1b with channel selection is supported by the CA capable UEs, then SORTD method should be applicable to the PUCCH format 1b with channel selection according a set of tables 10.1.3-5/6/7 in TS36.213 in single cell case for the Rel-11 UE
· PUCCH resources allocation for antenna port 1 is same as in CA case (explicit configuration by RRC signaling)


In this contribution, we discuss PUCCH power control details of SORTD for PUCCH format 1b with channel selection in single cell case.
2. PUCCH power control for PUCCH format 1b with channel selection in single cell case
Power control for PUCCH is described in section 5.1.2.1 in ‎[1] as below
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 is a PUCCH format dependent value, where 
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 corresponds to the number of information bits for the channel quality information defined in section 5.2.3.3 in [4]. 
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 = 1 if subframe i is configured for SR for the UE not having any associated transport block for UL-SCH, otherwise 
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=0.  If the UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting using PUCCH format 3, the value of 
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 is defined in section 10.1; otherwise, 
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 is the number of HARQ-ACK bits sent in subframe i. 

· For PUCCH format 1,1a and 1b 
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· For PUCCH format 1b with channel selection, if the UE is configured with more than one serving  cell, 
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, otherwise, 
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The power control for PUCCH contains a general part for all PUCCH formats and specific parameters that are based on the payload on PUCCH. The specific part is constructed by the two parameters 
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. The parameter 
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 defines the relative performance difference between PUCCH format 1a and the used PUCCH format. For channel selection, a relative offset will be configured.
In Rel-10 single cell case, PUCCH power control for PUCCH format 1b with channel selection cannot be adapted by the number of actual HARQ-ACK bits due to 
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, but only controlled by 
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. Therefore, 
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 should be set to the required power affordable for decoding the maximum number of HARQ-ACK bit in a UL subframe in the configured TDD UL-DL configuration. It is inefficient because it consumes excessive power compared to the required power for the number of detection states which eNB will assume based on the actually scheduled PDSCHs (and PDCCH indicating downlink SPS release received).
In Rel-10 CA case, PUCCH power control for both PUCCH format 3 and PUCCH format 1b with channel selection is adapted by 
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 based on the number of TBs or PDSCHs received by the UE and/or missed PDCCHs using DL DAI to allocate transmission power efficiently based on the required PUCCH power for the number of detection states [1][2][3][4]. Furthermore, it was clarified that PUCCH power control for PUCCH format 3 in single cell case follows the same way as in CA case [5]. 
In that sense, for single cell case in Rel-11, PUCCH power control for channel selection should be based on the number of PDSCHs received by the UE and/or missed PDCCHs using DL DAI. In case of SAP (single antenna port), for backward compatibility, it would be better to maintain PUCCH power control for channel selection in Rel-10. On the other hand, SORTD for channel selection in single cell case is to be adopted in Rel-11 at the cost of the additional PUCCH resource consumption, and the main motivation of adopting SORTD for channel selection is to lower transmission power used by the UE. Accordingly, it seems reasonable that PUCCH power control for channel selection with SORTD in single cell case should be adapted by the number of PDSCHs received by the UE and/or missed PDCCHs using DL DAI in Rel-11 to avoid excessive PUCCH power consumption. For this approach, 
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 can be defined by the same formula as for TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2, which is quoted from the section 10.1 in [1] below.
	For TDD UL-DL configurations 1-6 and PUCCH format 3, or for TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2, 
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 where 
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 in serving cell 
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 in serving cell 
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 is the number of HARQ-ACK bits corresponding to the configured DL transmission mode on serving cell 
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. In case spatial HARQ-ACK bundling is applied, 
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 is the number of PDCCH or PDSCH without a corresponding PDCCH received in subframe 
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 and serving cell
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 and M is the number of elements in K.


· Proposal: PUCCH power control for channel selection with SORTD in single cell TDD case should be based on the number of PDSCHs and PDCCH indicating downlink SPS release received by the UE and/or missed PDCCHs using DL DAI (for which 
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 can be defined by the same formula as for TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2).
3. Evaluation results

In Figure 1, we examine the operating SNRs for channel selection under different channel model assumptions for SAP and SORTD. The detailed simulation parameters can be found in the Appendix. According to the evaluation results, we observed that the Rel-10 power control formula denoted by 
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 for CA case fits SNR increments corresponding to channel selection with SORTD in single cell case very well. In other words, the power control formula denoted by 
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 for CA case would be reused for channel selection with SORTD.
Also, we can infer that, when SORTD for PUCCH format 1b with channel selection is configured in single cell TDD, we can achieve SNR gain by reducing unnecessary power setting in addition to SNR gain from SORTD, if proposed 
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 definition for the channel selection with SORTD is adopted. 
· Observation: 
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 for CA case fits SNR increments corresponding to channel selection with SORTD in single cell case very well.
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Figure 1: Operating SNR increments and power control functions. 
4. Conclusion
This contribution discussed the PUCCH transmission power details of SORTD for PUCCH format 1b with channel selection in single cell case. As a conclusion, we propose as follows:
· Proposal: PUCCH power control for channel selection with SORTD in single cell TDD case should be based on the number of PDSCHs and PDCCH indicating downlink SPS release received by the UE and/or missed PDCCHs using DL DAI, (for which 
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 can be defined by the same formula as for TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2).
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Appendix
In this contribution, Pr(PUCCH DTX(ACK) is defined as follows;
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Table 1 Link level simulation parameters

	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model
	EPA, ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Receiver type
	Joint RS+DATA ML detector

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	2

	HARQ-ACK bits
	1, 2, 3, 4 bits

	PUCCH formats
	PUCCH format 1a, PUCCH format 1b with channel selection

	Mapping table
	Tables 10.1.3-5/6/7 in TS36.213

	Required SNR
	Such that Pr(PUCCH DTX(ACK)<=1%, Pr(ACK(NACK)<=1%, Pr(NACK(ACK)<=0.1%
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