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1 Introduction
In TSG RAN WG1#48 meeting, the decision regarding the frequency granularity for UE precoding feedback information was of the order of 5 adjacent RBs. It was also noted that the exact single value will be decided in relation to the CQI discussion..  In addition to UE feedback overhead, the eNB also needs to signal the precoding information. The two potential schemes for this purpose can be use of dedicated reference signals (RS) or signalling of the precoding information in the downlink control grant. In either case, the result is additional overhead in the downlink. It should be noted that the dedicated RS could only carry information regarding the precoding. The additional control information on rank etc. still needs to be carried explicitly. In this contribution, we discuss a few alternatives that can potentially reduce the amount of signalling overhead required in the downlink control grant for support of MIMO.
2 MIMO signalling
2.1 Subband-Adaptive MIMO Signaling

An example of MIMO control information for different SU-MIMO configurations is shown in Table 1. We assume that the UE feedback information for MIMO consists of precoding. A subband consists of 5 RBs or whole RBs depending upon the frequency granularity of UE feedback as configured by the network.  It should be noted that the number of feedback bits would depend upon the actual feedback scheme, precoding codebook size and also granularity of rank feedback etc. selected for LTE.

Table 1: An Example of control information for SU-MIMO
	
	2-Tx MIMO
	4-Tx MIMO

	Precoding indication bits per subband
	2
	4

	Total control bits in 10MHz assuming     5/ whole RBs
	20/ 2
	40/4


In general, the MIMO control information also needs to be indicated on the downlink mainly due to two reasons:

· Errors in UE feedback

· eNB overrides the UE feedback

It should be noted that the additional downlink control information about the precoding is useful only when there are errors in UE feedback or eNB overrides the UE feedback. In cases when there are no errors in UE feedback and eNB does not override the UE feedback, the downlink signalling regarding precoding and transmission rank etc. is redundant and represents unnecessary overhead. We subsequently describe a scheme that allows for subband-adaptive MIMO precoding in the downlink without introducing significant overhead.
2.2 Signaling for one and 2 CWs
One possible way of carrying information for 1 and 2 CWs is by using two different formats of Physical Downlink Control Channel (PDCCH) as shown in Figure 1. The UE performs a blind detection between Format I and Format II. Upon successful decoding of either Format I or Format II, the UE gets the information about the number of CWs transmitted and the corresponding Payload size, modulation and HARQ. Both formats use the same physical resources. However, Format II uses a weaker coding rate in order to compensate for more control information bits. It should be noted that 2 CWs transmission will generally be performed for UEs in good channel conditions and hence a slightly higher required SINR due to weaker coding is not be a big issue. For example, 1% BLER can be achieved at about 6 dB with the highest code rate of 2/3. With power control and CCE aggregation, PDCCH transmissions for 2 CWs can reach most of the UEs in the cell. It is also possible for the network to limit the maximum rank to 1 for certain UEs such as cell-edge users or users in LOS condition not able to support a rank greater than 1. In this case, these UEs only need to decode PDCCH assuming Format I.
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Figure 1: PDCCH containing MIMO transmission information
The eNB can use subband-adaptive MIMO precoding when it follows the feedback reported from the UE. In this case, subband-specific MIMO precoding is not indicated in the downlink grant. However, when the eNB overrides the feedback from the UE, it uses a common MIMO precoding on all the RBs scheduled for the UE. In this way a fixed amount of bits (e.g. 6 bits) can be included in the PDCCH. In case where the eNB uses the subband specific MIMO precoding according to the UE feedback a predetermined combination of bits (e.g. ‘000000’) in the MIMO format indication will indicate this as shown in Table 2. Therefore, if the eNB is using subband specific MIMO precoding according to the UE feedback, the MIMO format field in the PDCCH will indicate this. In case when eNB override the UE feedback, a common MIMO precoding will be used over all the allocated RBs and indicated in the 6-bits MIMO format field.

Table 2: An Example of MIMO format indication on the downlink for support of SU-MIMO
	6-bits MIMO Information (MI) in the downlink
	Purpose

	‘000000’
	eNB uses MIMO transmission format (precoding and rank etc.) according to the most recent Feedback from the UE

	‘000001’
	eNB uses MIMO transmission format according to one-earlier than the most recent UE Feedback from the UE (assuming eNB detected errors in the most recent UE Feedback)

	‘000010’
	eNB uses MIMO transmission format according to two-earlier Feedback than the most recent UE Feedback from the UE (assuming eNB detected two consecutive errors in the UE Feedback)

	‘000011-

111111-’
	eNB overrides the UE feedback and uses a common MIMO transmission format (precoding and rank etc.) over all the RBs allocated to the UE. This common MIMO transmission format is indicated by one out of the 61 combinations (3-63).


It should be noted that the UE needs to store the information carried in the three previous feedback messages it sent to eNB. Based upon the MIMO Information (MI) field in the PDCCH, the UE uses the information in the corresponding Feedback message or the MIMO format indicated in the MI to process the received MIMO signal.

It should be noted that this approach also applies to the schemes where UE Feedback is provided for the “best-M” subbands or over part of the total bandwidth. 
3 Summary
The signaling of MIMO transmission format (precoding and rank etc.) represents a significant overhead on the downlink. We presented a scheme which allows for subband-adaptive precoding without any significant overhead on the downlink control grant. Using this scheme, the eNB simply follows subband-specific UE feedback regarding precoding and indicates this via a special bit-combination of MIMO information field in the PDCCH. In case when the eNB overrides the UE feedback due to errors in the UE feedback or other reasons, a common precoding across all scheduled RBs is used and this information is indicated in the MIMO information field of the PDCCH. The MIMO information field of the PDCCH is a fixed length field consisting of approximately 6-bits. This fixed MIMO control information field length results in a simpler PDCCH structure to support MIMO in the downlink. We also described two PDCCH formats for the DL grants to support 1CW and 2CW MIMO transmissions. The proposed downlink grant structure for support of SU-MIMO can  significantly reduce the MIMO signalling overhead and hence it should be considered for the downlink  grant signalling in the LTE system.
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