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1. Introduction

Implicit indication of time-frequency resource (TFR) and CDM index of ACK/NACK (A/N) time frequency resource for a UE is described for both uplink (UL) A/Ns (sent on uplink due to downlink (DL) transmissions) and DL A/Ns (sent on DL) for both SIMO and MU-MIMO.  DL A/N resources can be reduced by 100 to 200% with a control element (CE) pointer compared to a resource block allocation pointer approach but the former requires an intermittant 18-bit scheduling grant (or retx-grant) that also uses downlink control channel resources.  Note if a UE does not detect the retx-grant it proceeds with its next packet retransmission and looks for the DL A/N location in the same location as indicated by the most recent grant (normal or retx grant).  If it does detect the retx-grant it shifts the DL A/N location based on the first CE location of the grant.
2. UL ACK/NACK SIMO/MU-MIMO CE Indication Scheme
For downlink scheduled UEs the channel element (CE) location of the first CE of a control channel indicates 1 of 12 possible A/N CDM indices (assuming at most 12 CEs are used per control channel search region)  Note currently an A/N TFR consists of a first and a second slot in a subframe.  DL MU-MIMO and SIMO are both supported with this scheme. 
For 5 MHz carrier at least two A/N TFRs are needed so it is possible to modulo 12 UEs on one A/N TFR and another 12 on the other (this means only 24 UEs can be scheduled unless another TFR is made available for the 25th A/N). If A/N and CQI can be on the same TFR then the CE pointer implicitly indicates another TFR when the maximum number of A/Ns in the first TFR is reached. That is, in the case where 12 CEs are used for DL scheduling grant control channels and where each uplink TFR transports 6 A/Ns and 6 CQIs then the first 6 CEs would point to one A/N+CQI TFR and the other 6 CEs would point to the other TFR of the A/N+CQI TFR pair.  
3. DL ACK/NACK SIMO/MU-MIMO CE Indication Scheme
One possible RB allocation implicit pointer scheme requires two sets of A/Ns with each set having as many A/Ns as the number of RBs (NRB) supported by the carrier.  A signaling bit (presumably explicitly indicated on the uplink scheduling grant CCH) is also needed to indicate which set a scheduled UE should use.  
The CE pointer scheme avoids multiple A/N sets (with NRB A/Ns in each) and the need to explicitly indicate which A/N set to use for each MU-MIMO user.  This scheme instead uses the first CE of the uplink scheduling grant control channel to implicitly point to the A/N TFR.
The CE pointer scheme is enabled by sending an uplink scheduling grant with each transmission.  Note on uplink retransmissions a different CCH payload size is proposed consisting of only a 16-bit CRC and two payload bits (18-bit payload) and is refered to as a retx-grant.  Another payload format will not increase the number of blind detections (BDs) since a UE would not have to also look for the first transmission scheduling grant payload format (e.g. of size 38-bits) on retransmissions.  An 18-bit scheduling grant would only be sent to a UE if its A/N location needed to be moved which would be implicitly indicated by the CE of the CCH used. The two signaling bits could indicate retransmission preemption or deferment where a retransmission is deferred to the next retransmission opportunity.  Note using a CE of size 36 subcarriers means R=1/4 is achieved for a 1 CE CCH of 18-bits and effectively R=1/8 for 2 CE CCHs.  R=1/12 is achieved for 3CE CCH.  Note to avoid using the retx-grant to shift a cell edge UEs A/N location perhaps instead a special A/N location can be reserved if the maximum #of CEs is used for a first transmission scheduling grant CCH.
Table 1 – UL Scheduling Grant Retransmission CCH Format with 18-bit Payload (inc. CRC)

	Signaling Bits
	Preemption/Deferment of Packet Retransmission
	Change A/N based on CE

	00
	Yes (defer to next retx subframe)                .
	Yes

	01
	No (retransmit packet on current subframe)
	Yes

	10
	Yes (defer to next retx subframe)                .
	No

	11
	No (retransmit packet on current subframe)
	No


Table 2 – A/N resources for 5 MHz carrier given 12 CEs for L1/L2 Scheduling CCHs

	A/N Indication
Scheme
	# A/Ns
	#A/Ns

	
	DL SIMO
	DL MU-MIMO
	UL SIMO
	UL MU-MIMO

	Resource pointer
	25
	50
	25
	50

	CE pointer
	12
	12
	12
	12


4. Multiple CCH Candidate Search Areas (SAs)
Multiple UL or DL CCH candidate search areas (SAs) are desirable for 10, 15, and 20 MHz carriers to reduce the number of blind detections required per UE.  For a 10 MHz carrier this means we need e.g., two size 12 A/N sets (2 A/N regions with 12 A/Ns each) which is still much less than 50 A/Ns based on RB pointer approach. For 20MHz we might need three 12 A/N sets (3 A/N regions with 12 A/Ns each) which is much less than 100 A/Ns based on the RB approach.  However, the overhead of the CE pointer itself (i.e. the 18-bit uplink retransmission scheduling grant) can be prohibitive if transmitted to often.  It is important to not require it to be sent on every retransmission but only when it is needed to disambiguate a ACK/NACK resource between two UEs.  UEs can be signaled their SA assignment via layer 3 signaling at call set up or when handing into a cell.  Another possibility is to signal one or two bits on the P-BCH to indicate the Candidate Search Area assignment as UEs perform call setup or handoff to a cell.
Table 3 – A/N resources for 10 MHz carrier given 12 CEs for each of two L1/L2 CCH Candidate SAs

	A/N Indication
	# A/Ns
	#A/Ns

	Scheme
	DL SIMO
	DL MU-MIMO
	UL SIMO
	UL MU-MIMO

	Resource pointer
	50
	100
	50
	100

	CE pointer
	24
	24
	24
	24


Table 4 gives the CCH coverage for the alternate UL Scheduling grant 18-bit payload format used for scheduling uplink retransmissions when A/N relocation is required and/or for retransmission deferement based on [1] and the SNR information given in [2].
Table 4 – CCH Coverage vs. #CEs for 18-bit payload (including 16-bit CRC) – 5 MHz Case 3
	#CEs of size 36 REs
	1% BLER Es/Nt (total)
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated
	1dB Power boost coverage impact *
	I/C

	1
	+2.04 dB
	718 m
	33.79 dBm
	763 m
	-4.04 dB

	2
	-2.44 dB
	873 m
	36.80 dBm
	928 m
	2.35 dB

	3
	-4.67 dB
	954 m
	38.56 dBm
	1014 m
	5.26 dB


* Coverage improvement from PB assumes no average increase in interference from other cells.
** Given Case 3 deployment scenario of 1732 meter site-to-site distance (1 km radius cells).

5. DL ACK/NACK SIMO/MU-MIMO Scheduler Scheme
It is possible for the scheduler to assign control channel CEs such that it avoids assigning control channels with same first CE as a previously transmitted uplink scheduling grant control channel of a UE that is still retransmitting a packet.  For example, a UE could be assigned an extra CE to shift the other control channels first CE so they did not align with a UE retransmitting a packet in the same subframe (as shown below in Figure 1).  If this is used with the CE pointer scheme than the number of 18-bit scheduling grants transmitted could be significantly reduced.
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Figure 1 – Subframe i and i+n have no CCHs of size 2CEs that overlap on the first CE location such that there is no problems with retransmissions of size 2 CCHs from Subframe i  occurring in Subframe i+n. Last size 2 CCH in SF i+n is retransmitted and has same CE as green size 1 CE CCH in subframe i+2n. To avoid an DL ACK/NACK ambiguity the scheduler can instead  assign 2CEs to the other UE as shown in green 2CE CCH in the second SF i+2n
6. Conclusions

It was shown that a CE location implicit pointer scheme is possible for both SIMO and MU-MIMO traffic and is compared to a RB allocation pointer scheme.  For DL SIMO and MU-MIMO no signaling changes are required given asynchronous non-adaptive HARQ is used.  For UL SIMO and MU-MIMO a alternate control channel format for retransmissions is considered consisting of 18-bits (16-bit CRC and 2 signaling bits) which is only sent if a UE ACK/NACK relocation is needed. It might also be transmitted to indicate retransmission preemption/deferment in addition to ACK/NACK relocation.  The required number of reserved A/Ns is reduced by 100 to 200% using the CE location implicit pointer scheme compared to the RB allocation implicit pointer scheme.  However, the use of the 18-bit uplink retransmission scheduling grant also takes up resources so it is important to minimize how often it is transmitted to truly get a downlink cch resource benefit – scheduling may help this by conditioning CE assignment based on previous CE assignment for UEs still performing retransmissions.  Note also that the CE scheme avoids having to explicitly indicate which MU-MIMO A/N set is to be used by each MU-MIMO UE.  
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