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1. Introduction
As part of PMI feedback the eNB decides whether to indicate the UE reported PMI back to the UE via the downlink scheduling grant (SG) using the PDCCH or to choose a different PMI from the shared unitary code book and indicate it instead. The overhead of including the PMI in the downlink scheduling grant is significant (4 to 6 bits) especially for frequency selective precoding (i.e. 4 to 6 bits per RB group reported) and of course inefficient for UEs not configured for closed loop precoding.  Avoiding the latter inefficiency requires the use of multiple downlink control channel formats which increases UE complexity.  Blind detection by the UE of an arbitrary PMI selected by the eNB from the currently configured codebook may increase the UE complexity, especially if rank override is applied by the eNB. One proposal to avoid these problems is that the eNB, after receiving the UE reported PMI, signals only a single bit to indicate its selected PMI response to the UE. This bit may indicate an arbitrary PMI or a default PMI selected by eNB according to the UE capability of PMI blind detection. A second proposal is that the UE blindly determines whether the eNB used the UE-selected PMI or used a different PMI. In the same way, eNB may selected between the UE reported PMI and an arbitrary PMI or a default PMI according to the UE capability.
2. eNB PMI ‘single bit’ indication (PMI Selection)
One solution for minimizing PMI overhead on downlink scheduling grants for SU-MMO is to only use a single bit to indicate whether the latest UE-reported PMI was selected by the eNB for use with the subsequent packet transmission or whether a different PMI was selected by the eNB instead.  To reduce the complexity of the UE detection, a previously configured default PMI may be selected for certain UEs. This ‘default’ or ‘no default’ PMI indication is defined below. This allows the eNB to simply “confirm” the use of the UE-reported PMI (and transmission rank) or – in certain eNB-selected circumstances – to override the UE-reported PMI and signal the use of a different (sometimes, default) PMI (and, potentially, also transmission rank). Here, the eNB might determine, for example, that in specific instances where the uplink PMI signalling was insufficiently reliable, transmission should not be based on the UE-reported PMI, but rather on an alternative, default PMI. This also gives the eNB the full flexibility to choose the PMI for downlink data transmission for the UEs with the blind PMI detection capability.
The PMI selection indication bit would then be defined as:

· PMI bit – additional 1-bit field in PDCCH downlink scheduling grant
· ‘0’  - eNB selects UE-reported PMI (e.g. UE PMI report deemed reliable)
· Note that in the case of narrowband (i.e. RB-specific) UE PMI feedback, the 1-bit field indicates that the reported RB-specific PMI values are used 

· ‘1’ - eNB selects different PMI(s) (e.g. UE reported PMI deemed unreliable or eNB selects due to other network issues)
· For the UE without the blind PMI detection capability, a default PMI is selected. In this case, it is be anticipated that the same default PMI would apply in all RB’s.
· For the UE with the blind PMI detection capability, the eNB can select any PMI and the UE needs to perform PMI detection.
Note that:
· Given the small 1-bit overhead, the proposed approach uses the same SIMO PDCCH DL SG format as for SU-MIMO.
· DL MU-MIMO (if supported) can also use the same PDCCH DL SG format since an arbitrary PMI for each UE may be selected as shown in Table 1 assuming a single code word is used.

3. Default PMI blind determination

Another solution for minimizing PMI overhead and the number of PDCCH DL SG formats  is for the eNB to either select the UE-reported PMI or a different, default for some UEs, PMI, but to not explicitly indicate that PMI selection to the UE.  UE determination of the eNB-selected PMI (either the UE reported PMI, the default PMI, or an arbitrary PMI) is based on processing the received precoded data conditioned on different hypothesis. Some weighting can be applied to the hypothesis testing based on the uplink SINR inferred by signalled IoT, UE uplink power control state (included estimated path loss), and downlink CQI.
Note that assuming a default PMI, the complexity of the UE PMI state detection task is considerably reduced compared to the case where any of the configured codebook entries are eligible for use by the eNB. Specifically, only a pair of hypotheses need to be tested – i.e. H0: eNB selected most recent UE-reported PMI and H1: eNB selected default PMI.
4. Conclusions
This contribution has proposed two methods for UE determination of eNB PMI selection that both minimize control overhead on the PDCCH downlink and scheduling grant format as well as allowing the same PDCCH downlink format be used for precoding and non-precoding DL scheduling grants.
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Table 1 – PDCCH Common Format Bit Field definition – L1 or L3 Signaled SU-MU switching
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* A ‘1111’ or ‘0111’ CW2 value means only CW1is used.  A value ‘0111’ also indicates MU-MIMO mode

Note that TBS=f(MCS,PCFICH,RAmap)

** Note for non-MIMO a 2nd seperately coded TB is the 2nd CW and an alternate RA allocation mode can be supported via the DL RA map Table (e.g. a UE gets all the RBs within extent of min and max RB index of allocation)
*** Reserved field for SU-MIMO-1CW could be used for stream reassignment when new 2nd codeword is not available

# Instead of 1-bit PMI it is also possible to detect precoding using blind detection in which case precoding can be applied also to the PDCCH.
The Defineable RB bitmap approach as shown in Table 3 is proposed for downlink RA mapping.  A table is used to define the bitmap addressing allowing for RA mapping flexibility as shown in Table 2 below.

Table 2 – Defineable RB Bitmap for DL RA mapping for each BW mode (single DL PDCCH format)
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1.4 6 1 1 6 7 41

3 15 2 2 6 8 42

5 25 2 2 10 12 46

10 50 2 2 20 22 56

15 75 3 2 22 24 58

20 100 3 2 30 32 66


* Note L3 or D-BCH signaling can be used to indicate which of two Group Size options is used for a given BW
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				NRA_MAP-bits		16-bits		3-bits		4-bits		4-bits		1-bit		7-bits

		SIMO/OLTD-2CW		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		Rsv'd		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO/OLTD-1CW		"."		"."		"."		"."		'1111'		Rsv'd		Rsv'd		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI#		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI#		RVIcw2		"."		"."

		MU-MIMO - 1CW   L1 signalled		"."		"."		"."		"."		'0111'		PVI				"."		"."

		MU-MIMO - 1CW   L3 signalled		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

																												BW (MHz)		#RBs		RB Group Size (N)		Table Size		Bitmap Size		Total RA bits		Total DL Grant

														*PMI PUCCH assignment indicates how 1-bit field is used														1.4		7		1		0		7		7		41

																												3		15		2		3		8		11		45

																												5		25		2		3		13		16		50

																												10		50		2		3		25		28		62

																												15		75		3		3		25		28		62

																												20		100		3		3		34		37		71

																												10		50		4		3		13		16		50

																												15		75		4		3		19		22		56

																												20		100		4		3		25		28		62

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group
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				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		'0111'		PVI				"."		"."

				NRA_MAP-bits		16-bits		2-bits		4-bits		4-bits		1-bit		7-bits

		SIMO - 2CW      OL TxDiv		DL RA map		UE ID (CRC)		UL TPC		MCS CW1		MCS CW2		#CWs		RVIcw2  (2-bits)		RVIcw1   (2-bits)		HAP ID  (3-bits)

		SIMO - 1CW      OLTD or SDMA		"."		"."		"."		"."		SDMA Info		#CWs		SDMA Info		"."		"."

		SU-MIMO - 1CW		"."		"."		"."		"."		'1111'		PMI		Rsv'd		"."		"."

		SU-MIMO - 2CW		"."		"."		"."		"."		MCS CW2		PMI		RVIcw2		"."		"."

		MU-MIMO - 1CW		"."		"."		"."		"."		PVI user & PVI interferer						"."		"."

														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs		RB Group Size (N)*		Table Size		Bitmap Size (B)		Total RA bits (NRAMAP)		Total DL Grant

																												1.4		6		1		1		6		7		41

																												3		15		2		2		6		8		42

																												5		25		2		2		10		12		46

																												10		50		2		2		20		22		56

																												15		75		3		2		22		24		58

																												20		100		3		2		30		32		66

																												10		50		4		3		13		16		51

																												15		75		4		3		19		22		57

																												20		100		4		3		25		28		63

																														Bitmap Addressing

																														000		RB Groups of Size N

																														001		Distributed (Top,Middle,Bottom) RBs

																														010		Top RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														011		Bottom RB Groups of size N-1 if N=2 or 3 and N-2 if N=4

																														100		1st RB of each Group

																														101		2nd RB of each Group

																														110		3rd RB of each Group

																														111		4th RB of each Group






