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1 Introduction
During RAN1 #55 meeting, the CR with title: ‘Further details on codebook subset restrictions [36.213 CR 108R2 (Rel-8, F)]’ was agreed [1]. It introduces 2 bitmaps with 2 and 4 bits respectively to complete the specification of codebook subset restriction for open-loop spatial multiplexing. 
The CR was sourced by Ericsson, LGE, NEC, NTT DoCoMo, Qualcomm, Motorola and was supported by Freescale, Philips and Panasonic. 
Although Nortel did not formally object to the approval of this CR at RAN1#55, Nortel expressed in an email to the RAN1 reflector on the 26th of November 2008 their “sustained objection” to this CR.
2 Discussion

We summarize the following points:

1. Codebook subset restriction controls the UE feedback reporting and is included in the RAN1 specifications for a long time, and is defined for large delay CDD in section 6.3.4.2.2 of 36.211

2. At RAN1#51bis, large delay CDD has been specified for R>1 as an open loop SM scheme in section 7.1.3 of 36.213.

3. The way forward agreed in Sevilla mentions for large delay CDD that the “Node-B is to cyclically assign different precoders, taken from a fixed codebook subset”. This does not imply that there is one and only one codebook subset used in the feedback reporting from the UE and in particular does not even address how the UE feedback reporting is restricted. 

4. Codebook subset restriction generally controls which combinations of rank indicators (RI) and precoder matrix indicators (PMIs) the UE may report. For open-loop spatial multiplexing, PMI is already predetermined and not reported for open-loop spatial multiplexing and it thus remains to control the RI as in the agreed CR in [1] .

5. Support for codebook subset restriction has been added at RAN1#54 in section 7.2 of 36.213.

6. Nortel has on the 29th August 2008 agreed that “We agree that open-loop SM should support codebook subset restriction, however we feel that is only applicable for rank>1 transmission as for rank=1 transmission, transmit diversity will be used and no codebook is involved. We could work out the bit association detail for open-loop SM at the next meeting”.

We conclude that Nortel is in agreement on the support of codebook subset restriction for open loop spatial multiplexing, and that codebook subset restriction for open loop spatial multiplexing is not a new feature.

This is also reflected in section 7.2 of 36.213 “Codebook subset restriction is supported for open-loop spatial multiplexing, closed-loop spatial multiplexing, multi-user MIMO and closed-loop Rank=1 precoding.”

The CR in [1] works out the bit association detail for open loop SM and finalizes the RAN1 LTE specification for 2 and 4 antenna ports in the same way as is done for closed loop spatial multiplexing and MU-MIMO and closed loop rank=1 precoding.

The CR in [1] is therefore finalizing the detail of open loop SM.

The CR proposed in [5] is deleting the bit association for open loop SM rather than finalizing the specification with the main argument that this would be a new feature.

3 Conclusion

From the discussion above, we conclude that codebook subset restriction is not a new feature for LTE, including for open-loop spatial multiplexing, but a part of the LTE RAN1 specification where the details need to be finalized.

The CR in [1] finalizes the details of codebook subset restriction for open loop SM, and was agreed at RAN1#55.

It is therefore proposed not to approve the CR proposed in [5], which deletes this part of LTE despite of the agreement at RAN1#55.

We propose that RAN#42 acknowledges the discussion and agreement at RAN1#55, and approves the CR in [1] in order to finalize the specification on this part of LTE. 
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Annex (current text in TS 36.213 v8.4.0)

4.1 7.2
UE procedure for reporting channel quality indication (CQI), precoding matrix indicator (PMI) and rank indication (RI)

The time and frequency resources that can be used by the UE to report CQI, PMI, and RI are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission layers. For transmit diversity as given in [3], RI is equal to one.

CQI, PMI, and RI reporting is periodic or aperiodic. A UE transmits CQI, PMI, and RI reporting on a PUCCH for subframes with no PUSCH allocation. A UE transmits CQI, PMI, and RI reporting on a PUSCH for those subframes with PUSCH allocation for a) scheduled PUSCH transmissions with or without an associated scheduling grant or b) PUSCH transmissions with no UL-SCH. The CQI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CQI reporting

	Scheduling Mode
	Periodic CQI reporting channels
	Aperiodic CQI reporting channel

	Frequency non-selective
	PUCCH
	

	Frequency selective
	PUCCH
	PUSCH


In case both periodic and aperiodic reporting would occur in the same subframe, the UE shall only transmit the aperiodic report in that subframe.

When reporting RI the UE reports a single instance of the number of useful transmission layers.  For each RI reporting interval during closed-loop spatial multiplexing, a UE shall determine a RI from the supported set of RI values for the corresponding eNodeB and UE antenna configuration and report the number in each RI report. For each RI reporting interval during open-loop spatial multiplexing, a UE shall determine RI for the corresponding eNodeB and UE antenna configuration in each reporting interval and report the detected number in each RI report to support selection between RI=1 transmit diversity and RI>1 large delay CDD open-loop spatial multiplexing.
When reporting PMI the UE reports either a single or a multiple PMI report.  The number of RBs represented by a single UE PMI report can be 
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 or a smaller subset of RBs. The number of RBs represented by a single PMI report is semi-statically configured by higher layer signalling. A UE is restricted to report PMI and RI within a precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission mode. Codebook subset restriction is supported for open-loop spatial multiplexing, closed-loop spatial multiplexing, multi-user MIMO and closed-loop Rank=1 precoding. The resulting number of bits for each transmission mode is given in Table 7.2-1b. The bitmap forms the bit sequence 
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 is the LSB and 
[image: image4.wmf]1

-

c

A

a

is the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as follows:

1. Open-loop spatial multiplexing

2. Closed-loop spatial multiplexing

a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports: bit 
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 is associated with the precoder for 
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 layers and with codebook index 
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in Table 6.3.4.2.3-2 of [3].

3. Multi-user MIMO and Closed-loop Rank=1 precoding

a. 2 antenna ports: bit 
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in Table 6.3.4.2.3-1 of [3].

b. 4 antenna ports: bit 
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in Table 6.3.4.2.3-2 of [3].

Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission modes.

	
	
	Number of bits 
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	2 antenna ports
	4 antenna ports

	Transmission mode           
	
	
	

	
	Open-loop spatial multiplexing
	
	

	
	
	
	

	
	
	
	

	
	Closed-loop spatial multiplexing
	6
	64

	
	
	
	

	
	
	
	

	
	Multi-user MIMO
	4
	16

	
	
	
	

	
	
	
	

	
	Closed-loop rank=1 precoding
	4
	16

	
	
	
	


Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna port codebook of Table 6.3.4.2.3-1 in [3].

	Codebook index 
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	Number of layers 
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	1
	2

	0
	a0
	-

	1
	a1
	a4

	2
	a2
	a5

	3
	a3
	-


The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth.  A subband is a set of k contiguous PRBs where k is also semi-statically configured by higher layers.  Note the last subband in set S may have fewer than k contiguous PRBs depending on
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 .  The number of subbands for system bandwidth given by
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.  The term “Wideband CQI” denotes a CQI value obtained over the set S.  

· For single-antenna port and transmit diversity, as well as open-loop spatial multiplexing, and closed-loop spatial multiplexing with RI=1 a single 4-bit wideband CQI is reported according to Table 7.2.3-1.
· For open-loop and closed-loop spatial multiplexing, CQI is calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.
· For RI > 1, closed-loop spatial multiplexing PUSCH based triggered reporting includes reporting a wideband CQI which comprises: 
· A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1 
· A 4-bit wideband CQI for codeword 2 according to Table 7.2.3-1
· For RI > 1, closed-loop spatial multiplexing PUCCH based reporting includes separately reporting a 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1 and a wideband spatial differential CQI each with a distinct reporting period and relative subframe offset. The wideband spatial differential CQI value comprises:
· A 3-bit wideband spatial differential CQI value for codeword 2 offset level
· Codeword 2 offset level = wideband CQI index for codeword 1 – wideband CQI index for codeword 2. 
· The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-2.

Table 7.2-2 Mapping wideband spatial differential CQI value to offset level

	Wideband spatial differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	3

	4
	-4

	5
	-3

	6
	-2

	7
	-1
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