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1. Introduction
For correct demodulation when the closed-loop spatial multiplexing mode is used, the UE needs to know which precoder(s) have been used by the eNodeB in the PDSCH transmission. This is determined by the knowledge of a rank indicator (RI), representing the transmission rank, as well as one or several precoder matrix indicators (PMIs)
. It is furthermore useful to keep in mind that an RI and PMI pair precisely points out a certain precoder element from the relevant LTE precoder codebook. 

Currently, there is a working assumption on the support of frequency selective precoding. To avoid excessive signaling overhead on the PDCCH when using such a feature, it has been proposed to only signal whether the PDSCH transmission uses the latest frequency selective precoders (i.e., latest reported RI and associated PMIs) recommended from the UE or not. A prerequisite for such a precoder confirmation approach to be feasible is that there is a mechanism for handling a situation in which the eNodeB detects an error in the report obtained from the UE. Explicit signaling of a single PMI therefore seems to be a reasonable compromise that would allow the eNodeB to make a decent choice of precoder even without a correct frequency-selective precoder report. Older reports could be used to assist the eNodeB in the choice of the single PMI, or even wideband reports on the PUCCH could be exploited. Uplink data could also be used (e.g. direction of arrival based methods and/or channel reciprocity in TDD) for assisting in selecting a suitable precoder.

2. Signaling of Precoding Information

The introduction above mentions three different kinds of precoder related information that needs to be signaled on the PDCCH:

1. RI

2. Single PMI

3. Precoder confirmation message:

It is however important to realize that these three fields are not independent of each other. For example, the 2 Tx precoder codebook contains 4 precoder elements for rank 1 versus only two elements for rank two
. It thus makes sense to encode the RI and the single PMI jointly to save signaling overhead. The RI and the single PMI together form what is here referred to as explicit precoder indication. 

It is also apparent that the explicit precoder indication is not needed if the precoder report is confirmed and, conversely, if the precoder report is not confirmed, the explicit precoder indication is not needed. They are hence mutually exclusive and should therefore also be encoded jointly for maximum efficiency. It hence appears very wasteful to allocate a whole bit for precoder confirmation, as has been proposed in e.g. [1]. Instead, by joint encoding there are a total of only 7 different messages needed, as outlined in Table 1. Thus, more than a whole bit is saved compared with reserving a bit exclusively for precoder confirmation. 

Table 1: Joint encoding of explicit precoder indication and precoder confirmation on the PDCCH requires only 7 states/messages.

	Message index
	Message

	0
	RI=1, PMI=0

	1
	RI=1, PMI=1

	2
	RI=1, PMI=2

	3
	RI=1, PMI=3

	4
	RI=2, PMI=0

	5
	RI=2, PMI=1

	6
	Precoder report confirmed


For the 4 Tx case, the precoder codebook contains 16 elements per rank and 65 messages are hence needed for joint encoding as evident from Table 2. This corresponds to little more than six information bits. In order to reduce the size to exactly six bits, at least one of the explicit precoder indication messages for rank four precoder elements could be skipped. This should not have any significant impact on the performance as such full-rank precoding in general only brings a limited gain and the majority of precoders can still be retained. 

Table 2: Joint encoding of explicit precoder indication and precoder confirmation on the PDCCH requires only 65 states.

	Message index
	Message

	0, 1,…,15
	RI=1: PMI=0,1,…,15

	16,17,…, 31
	RI=2: PMI=0,1,…,15

	32,33,…,47
	RI=3: PMI=0,1,…,15

	48,49,…,63
	RI=4: PMI=0,1,…,15

	64
	Precoder report confirmed


3. Rank Override Support for Precoder Confirmation

The precoder codebooks in LTE obey a certain nested structure in that lower rank precoder elements can always be obtained as a column subset of a higher rank precoder element. One of the primary reasons for this is to enable efficient support of rank override giving the eNodeB a reasonable chance of knowing which precoder to select in case the eNodeB deems it necessary to use a lower transmission rank than what the UE has recommended. Naturally, if frequency-selective precoding is to be supported, rank override should be possible also for such precoding. Rank override support for frequency-selective precoding can easily be accomplished by adding at most a few additional precoder confirmation messages pointing out which column subset of the precoder elements to use. For simplicity, the same column subset for each recommended precoder element in the frequency-selective precoder report should be used and we further restrict the rank override support to the most important case of overriding to a lower transmission rank than what the UE recommended. 

For the 2 Tx case, an additional precoder confirmation message for supporting rank override could say “override to rank 1 and use first column in all recommended precoders”. This would bring the total number of messages up to eight, which fits perfectly into three information bits. It should also be desirable to let the eNodeB select which out of the two columns to use. Yet another message, saying “override to rank 1 and use second column in all recommended precoders” is in that case needed. This would however mean the resulting nine messages no longer fit within three bits, which could be problematic. A possible remedy could be to purge one rank two precoder element out of the explicit precoder indication field.

Similarly, for the 4 Tx case, additional precoder confirmation messages could say:

1. “override to rank 1 and use first column in all recommended precoders”

2. “override to rank 2 and use first two columns in all recommended precoders”

3. “override to rank 3 and use first three columns in all recommended precoders”

Note that in contrast to the 2 Tx case, the 4 Tx codebook has additional structure preventing a free choice of column subsets so the above messages are all that are possible. To fit the precoding information into exactly six bits, at total of four messages for explicit precoder indication corresponding to rank four would need to be purged. This should still have a minor impact on the performance and is therefore determined a reasonable choice in light of saving signaling overhead on the PDCCH.

4. Summary and Conclusions

This contribution discussed signaling of precoder information on the PDCCH. Rank indication (RI), PMI and precoder confirmation, the latter for the support of frequency-selective precoding, were discussed and it was observed that these fields are not independent and thus should be encoded jointly. RI and PMI together form an explicit precoder indication message while precoder confirmation is used to confirm to the UE that previously reported precoders are used in the PDSCH transmission. It was also pointed out that rank override should be supported also for frequency-selective precoding. Based on the above discussion we propose the following for the signaling of precoder information on the PDCCH:

· RI, PMI and precoder confirmation should be jointly encoded

· Corresponding to 7 different messages for 2 Tx

· Corresponding to 65 different messages for 4 Tx

· Support of rank override for frequency-selective precoding

· Additional precoder confirmation message for 2 Tx: 

· “override to rank 1 and use first column in all recommended precoders”

· FFS: “override to rank 1 and use second column in all recommended precoders”

· Additional precoder confirmation messages for 4 Tx:

· “override to rank 1 and use first column in all recommended precoders”

· “override to rank 2 and use first two columns in all recommended precoders”

· “override to rank 3 and use first three columns in all recommended precoders”

· Three bits in total for precoder information for 2 Tx and six bits in total for precoder information for 4 Tx

· Purge the required number of explicit precoder indication messages corresponding to full-rank transmission to reach bit-budget.
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� Several if frequency-selective precoding is employed.


� There is currently an ongoing discussion whether to keep the precoder elements corresponding to antenna selection in the 2 Tx codebook. This contribution assumes for simplicity that these elements are not present and hence that there are only 4 rank one and two rank two elements.





