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1 Introduction

This document summarizes the list of open issues related to the handling of guard periods for UL frequency retuning for LC/EC UEs based on the contributions submitted to RAN1 #84 [2], [3], [4].
At the RAN1 #83 meeting, the following was agreed on UL narrowband retuning [1]:

· Cases for UL retuning to consider:

· Case 1: UE retunes from PUSCH narrowband to PUSCH narrowband

· Case 2: UE retunes from PUCCH narrowband to PUCCH narrowband

· Case 3: UE retunes from PUCCH narrowband to PUSCH narrowband

· Case 4: UE retunes from PUSCH narrowband to PUCCH narrowband

· Case 5: UE retunes from PRACH narrowband to PRACH narrowband

· Options for how to define the UL retuning gap:

· Option A: Last two symbols of the earlier subframe

· Option B: Last symbol of the earlier subframe + first symbol of the later subframe

· Option C: Guard subframe (not needed according to results in R1-157472)

· Option D: First two symbols of the later subframe

· Agree on the following:

· Case 1: Option B

· Case 2: Option B

· Case 3: Option D

· Case 4: Option A 

· Case 5: up to the UE implementation

Correspondingly, the above agreements were captured in Section 5.2.5 of TS 36.211 CR [5].
2 Open Issues
2.1 Rate-matching or puncturing of PUSCH

While the retuning gap definitions have been agreed as quoted above, it needs to be further agreed whether PUSCH in the affected subframes is rate-matched or punctured to create the gaps.
· Option 1:
· The guard period is created by puncturing the affected SC-FDMA symbol(s) of PUSCH. 

· Option 2:

· The guard period is created by rate-matching PUSCH around the affected SC-FDMA symbol(s).

· Option 3:

· For CE Mode A, the guard period is created by rate-matching PUSCH around the affected SC-FDMA symbol(s).

· For CE Mode B, the guard period is created by puncturing the affected SC-FDMA symbol(s) of PUSCH

	Discussion point #1: How is the guard period for narrowband retuning created for PUSCH?

	Company
	Comments

	Intel
	Option 3 is preferred.

	Samsung
	Option 3.

	Panasonic
	Option 3.

	Ericsson
	Option 3.

	Nokia Networks, ALU, ASB
	Option 3

	MediaTek
	Option 3

	Huawei, HiSilicon
	It is not clear about the benefit of option 3. From simplicity point of view, we prefer option 1. Moreover, option 1 is beneficial for symbol combination in different CE levels.

	Sony
	On option 3, CE Mode A may have repetitions and rate matching may make it difficult for symbol combining.  Hence we prefer a consistent solution, i.e. option 1.


2.2 Guard period for retuning gaps with PUCCH 
For guard period generation for the case with PUCCH transmissions, the details of how shortened PUCCH may be used needs further agreements in RAN1. 
In [4], for Case 2 (PUCCH to PUCCH switching), it has been proposed to use shortened PUCCH in the second slot for the prior subframe and shortened PUCCH with modified data symbol location corresponding to the punctured first SC-FDMA symbol of the first slot for the latter subframe at the narrowband retuning boundary.  The proposed modification for the latter subframe is shown in Figure 1 below.
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Fig.1 Modification of shortened PUCCH for the following subframe after returning with guard period ([4])
The above may be realized by specifying use of shortened PUCCH with 
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in the second slot) for the latter subframe at the narrowband retuning boundary.

On the other hand, it has been proposed in [3], that for PUCCH format 1/1a/1b, LC/EC UEs should be specified to always use shortened PUCCH for both slots (i.e., 
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for both slots for all subframes) so as to ensure that CDM-based multiplexing between LC/EC UEs is possible for PUCCH formats 1/1a/1b irrespective of their narrowband hopping boundary (e.g., between LC/EC UEs at different coverage levels). 
However, some additional CDM-based multiplexing flexibility can be provided by specifying that LC/EC UEs use shortened PUCCH in the second slot/first slot of the prior/latter subframe at every potential frequency hopping boundary for PUCCH (instead of when retuning is actually applied by the UE). Note that this would still not allow multiplexing of PUCCH 1/1a/1b via CDM for the latter subframe between two UEs that undergo PUCCH-to-PUCCH switch and PUSCH-to-PUCCH switch respectively.

Further, following the above proposal from [3], it has also been proposed that the existing RAN1 agreements for the following cases are updated to use option B:

· Case 3: UE retunes from PUCCH narrowband to PUSCH narrowband

· Case 4: UE retunes from PUSCH narrowband to PUCCH narrowband

The above can be summarized into the following options:
· Option 1:
· Existing RAN1 agreement is maintained.
· For Case 2 (PUCCH to PUCCH switching), LC/EC UEs transmit PUCCH using shortened PUCCH in the second slot for the prior subframe, and shortened PUCCH with 
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[image: image6.wmf]4

PUCCH

SF

=

N

in the second slot) for the latter subframe at the narrowband retuning boundary.
· For all other subframes and cases, regular PUCCH 1/1a/1b format with 
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 is used (except for the subframes affected by cell-specific SRS).
· Option 2a:

· Existing RAN1 agreement is revised such that Option B is used for all PUxCH-to-PUxCH switching cases (x = C/S).

· LC/EC UEs transmit PUCCH 1/1a/1b using shortened format in both slots in all subframes.
· Option 2b:

· Existing RAN1 agreement is revised such that Option B is used for all PUxCH-to-PUxCH switching cases (x = C/S).

· For Cases 2 – 4 involving PUCCH transmissions at retuning boundaries:
· LC/EC UEs transmit PUCCH 1/1a/1b using shortened PUCCH in second slot for PUCCH 1/1a/1b in the prior subframe and using shortened PUCCH with 
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in the second slot) for PUCCH 1/1a/1b in the latter subframe.
· For all other subframes (not affected by narrowband retuning), regular PUCCH 1/1a/1b format with 
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 is used (except for the subframes affected by cell-specific SRS).
· Option 2c: 
· Existing RAN1 agreement is revised such that Option B is used for all PUxCH-to-PUxCH switching cases (x = C/S).

· For Cases 2 – 4 involving PUCCH transmissions at every potential frequency hopping boundary (instead of when retuning is actually applied by the UE):

· LC/EC UEs transmit PUCCH 1/1a/1b using shortened PUCCH in second slot for PUCCH 1/1a/1b in the prior subframe and using shortened PUCCH with 
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in the second slot) for PUCCH 1/1a/1b in the latter subframe.
· For all other subframes (not affected by potential frequency hopping boundaries), regular PUCCH 1/1a/1b format with 
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 is used (except for the subframes affected by cell-specific SRS).
	Discussion point #2: How are UL retuning gaps generated for switching involving PUCCH 1/1a/1b?

	Company
	Comments

	Intel
	· Option 1 doesn’t support sufficient level of multiplexing options via CDM for PUCCH 1/1a/1b.

· Option 2a offers common behavior and ability to support: CDM-multiplexing of PUCCH 1/1a/1b involved in PUCCH-to-PUCCH or PUCCH-to-PUSCH, or PUSCH-to-PUCCH switching, and CDM-multiplexing of PUCCH 1/1a/1b irrespective of coverage levels.

· Option 2a implies wasting up to 2 symbols every subframe that are not affected by retuning.
· Options 2b and 2c avoid wastage of up to 2 SC-FDMA symbols in subframes not affected by retuning or frequency hopping. 

· Option 2c is better than Option 2b in that CDM-based multiplexing between UEs in different coverage levels can be supported, at least for PUCCH-to-PUCCH switching.

Considering the above, Options 2a or 2c may be considered, with slight preference for Option 2a.

	Samsung
	The first issue is that the shortened PUCCH in the first SF symbol is currently missing from the 36.211 CR.

The second issue is how the puncturing is done. Preference is for Option 2a. Otherwise, it is not possible to multiplex repetitions for different scheduling timelines or for different repetition numbers R. For example, without option 2a, how to multiplex PUCCH with R=1 and PUCCH with R=2 or how to multiplex R=2 from 2 UEs with UE1 starting transmission 1 SF later than UE2 on the narrow-band that UE2 is retuning? It also results to simpler specifications and implementation.
As a related (maybe third) issue, in addition to Case 1 and Case 2, ‘Option B’ should apply for Case 3 and Case 4 (necessary for Case 4, beneficial for Case 3) - single specification. 

	Panasonic
	OK with Option 2a but the details of how shortened PUCCH is used for in the first slot in the latter subframe needs to be further considered. Our preference is shortened PUCCH is used with a slight modification and the modification is the change of the location of data symbols only to avoid channel estimation related part implementation getting complicated.

	Ericsson
	Option 1 is preferred, due to the following reasons:

· PUCCH multiplexing is achieved by (i) different base sequences, (ii) OCC over DMRS, and (iii) OCC over data symbols. The impact of frequency hopping is limited to OCCs over data symbols (DMRS are still orthogonal) – so the loss would be quite small. Further, the base sequence are randomized over subframes.

· Truncating PUCCH symbols to preserve orthogonality has larger impact (due to loss in signal energy) as compared to collisions (R1-157472).

	Nokia Networks, ALU, ASB
	Option 2a

	MediaTek
	Option 1 is slightly preferred. 

Considering the starting subframe for PUCCH and the repetition number are not aligned between UEs, there may be not much gain for  Option 2b/2c than option 1.
Option 2a may avoid the misalignment issue but with the cost of 2 symbols per subframe. And it may still have the problem for multiplexing with the legacy UEs.



	LG
	Our preference is to keep the current agreement. Then, we can add clarification that a UE uses shortened PUCCH formats in every “potential” frequency hopping boundary for PUCCH transmission (instead of when retuning is actually applied by the UE). 

In case a UE switches from PUCCH to PUSCH or PUSCH to PUCCH in the subframe which is not part of potential frequency hopping boundary of PUCCH, it can use two symbols punctured/rate matched from PUSCH. 

By this way, PUCCH multiplexing in every subframe is still possible. 

Our proposal is captured in R1-157869

· A UE always uses shortened PUCCH format in every potential hopping instance regardless of actual necessity of retuning. 

· E.g., in subframe n in SFN i where (( i * 10 + (n-1)) % Ych = 0), shortened PUCCH format (puncture last OFDM symbol) is used, in subframe n+1, shortened PUCCH format (puncture the first OFDM symbol) is used)

· The symbol saved by shortened PUCCH can be used for retuning gap if necessary

· If the above retuning gap is not sufficient, take the retuning gap by puncturing PUSCH or SRS

· SRS is lowest priority

· When two PUSCH is used, puncture/rate-match one symbol from each PUSCH
Option 2a seems to lose two OFDM symbols in every subframe – too much overhead. 

	Huawei, HiSilicon
	Option 1 is preferred (i.e., not change the agreement). 

Two symbols within one subframe are not used for option 2a, which has large impact on resource utilization efficiency and PUCCH performance.

As stated by MediaTek, in view of the starting subframe for PUCCH and the repetition number are not aligned between UEs, it is not clear about the benefit for Option 2b and 2c.

	Sony
	Preferred no change to agreement.  Option 1 is an implementation to the agreement (i.e. our preference)


2.3 Retuning gap for PUCCH 2/2a

For PUCCH format 2/2a, the retuning gap can be generated by puncturing of the affected SC-FDMA symbols. Note that this decision can be independent of whether we adopt Option 2 or Option 1 for Discussion point #2 in Section 2.2 above.
	Discussion point #3: For PUCCH 2/2a, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively.

· Yes?

· No? If no, please provide alternative solution and justification.

	Company
	Comments

	Intel
	Yes. For PUCCH 2/2a, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols.

	Samsung
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	Panasonic
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	Ericsson
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	Nokia Networks, ALU, ASB
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	Nokia Networks, ALU, ASB
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	MediaTek
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	Huawei, HiSilicon
	For PUCCH 2/2a, UL retuning gaps are generated by puncturing the affected symbols.

	Sony
	Yes, puncture the affected symbols.


3 Summary and Recommendations
3.1 Discussion point #1

How is the guard period for narrowband retuning created for PUSCH?
· 8 companies prefer Option 3 (for PUSCH, guard period is created by rate-matching around the affected symbols for CE Mode A and by puncturing of the affected symbols for CE Mode B)

· 3 companies prefer Option 1 (for PUSCH, guard period is created by puncturing of the affected symbols in all cases)

The following observations are made: 

· Rate-matching offers better performance compared to puncturing option, especially for cases with no/small repetitions (CE Mode A);

· Performance difference between symbol-level and LLR (softbit) combining is expected to be negligible if at all for CE Mode A;

· Receiver complexity considerations are marginal from the perspective of UL reception at eNodeB.

· No perceptible UE complexity increase due to the two behaviors (rate-matching vs. puncturing at the Tx side) for different CE modes.

Proposal 1:

· For CE Mode A, the guard period is created by rate-matching PUSCH around the affected SC-FDMA symbol(s).

· For CE Mode B, the guard period is created by puncturing the affected SC-FDMA symbol(s) of PUSCH.

3.2 Discussion point #2

How are UL retuning gaps generated for switching involving PUCCH 1/1a/1b?

· 6 companies prefer Option 2a (including revision to RAN1 agreement for handling of Cases 3 and 4)
· 5 companies prefer Option 1 (without any revision to RAN1 agreement for handling of Cases 3 and 4)

· 1 company prefers Option 3 that is same as Option 2c but without any revision to RAN1 agreement for handling of Cases 3 and 4.

Proposal 2:

· Discuss further and down-select between Option 1 and Option 2a including whether to maintain or revise (respectively) the previous RAN1 agreement on handling of UL retuning Cases 3 and 4. 
How is shortened PUCCH formats 1/1a/1b realized in the first slot of a subframe?
It has been pointed out that the description of how to realize shortened PUCCH (for format 1/1a/1b) in the first slot of a subframe is currently missing from 36.211 CR. Currently, the term “shortened PUCCH formats 1/1a/1b” is used to refer to the “shortening” only to the second slot of a subframe. Following current specifications, the shortening of the first slot can be realized in a manner identical to that specified for the second slot with a “mirroring about the intra-subframe slot boundary”, i.e., with 
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in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.
Proposal 3:

· Shortening of PUCCH 1/1a/1b in the first slot of a subframe is realized by using 
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 in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.
3.3 Discussion point #3

How is the guard period for narrowband retuning created for PUCCH formats 2/2a?
· All companies who expressed their views support creation of UL retuning gaps for PUCCH 2/2a by puncturing the affected symbols. 
Proposal 4:

· For PUCCH 2/2a, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively.
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