
3GPP TSG RAN WG1 Meeting#91			R1-1720999
Reno, USA, November 27th – December 1st, 2017

Agenda Item:	7.3.2.1.1
Source: 	Ericsson
[bookmark: Title]Title:	On the Design of 1-Symbol PUCCH for up to 2 bits
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
The following agreements were made in the previous meetings for the design purpose of 1-symbol PUCCH carrying up to 2 bits  [1][2][3]:

Agreements [1]:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.
· Further study 24 or 48 REs.
· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).
· Including comb-structure
· For the sequence length of 12 REs,
· The supported number of base sequences is 30
· The number of cyclic shifts available for one base sequence is 12

Agreements [2]:
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
· Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· Note: option 4 is sequence selection
Agreements[3]:
· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits

Agreements[3]:
· For HARQ-ACK transmission using short PUCCH for up to 2 bits
· In case of 1-bit HARQ-ACK only: 
· The distance between the two cyclic shifts within a PRB is 6
· In case of 2-bit HARQ-ACK only
· The distance between any two adjacent cyclic shifts within a PRB is 3 
· In case of 1-bit HARQ-ACK & SR (positive or negative)
· FFS
· In case of 2-bit HARQ-ACK & SR (positive or negative)
· FFS

Agreements[3]:
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements[3]:
· In addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot 
· FFS whether or not such a configuration is conditioned on non-slot based operation 

Agreements[3]:
· The sequences on slide 4 in R1-1718949 are adopted as the set of length-12 base sequences for short PUCCH for up to 2 bits and DM-RS for long PUCCH for UCI of up to 2 bits

Agreements[3]:
· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact

With respect to the design of short-PUCCH supporting up to 2 bits, couple of issues are remained to be resolved which are addressed in this contribution.
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On Simultaneous transmission of HARQ-ACK and SR
The UE can be semi-statically configured for transmission of SR using PUCCH format 0. However, when the transmission of SR coincides with the transmission of HARQ-ACK using PUCCH format 0, the UCI transmitted from the UE can include any states of the HARQ-ACK bits in combination of possible states of the SR, i.e. a positive or a negative SR. That means that in addition to one hypothesis for the SR transmission only, in case of 1-bit or 2-bits HARQ-ACK, there will be other four or eight possible hypotheses, respectively. In general, there is a common understanding to use the semi-statically SR PUCCH resource as a resource for simultaneous transmission of HARQ-ACK and SR. Therefore, in total there will be 4 or 8 possible hypotheses instead of 5 and 9 hypotheses for 1 or 2 HARQ-ACK bits, respectively. To handle the resource assignment situation for addressing the 4 or 8 hypotheses mentioned above, two following approaches are discussed:
1) One approach is to use 2 or 4 additional sequences for signaling the positive SR together with 1 or 2 bits HARQ-ACK, respectively. The additional sequences can be in the same or different PRBs.
2) The other approach is to reduce the number of sequences by means of bundling or treating NACK and negative SR as DTX and avoid transmission. 
From our point of view, the bundling based approach is preferable for the following reasons. First of all, the PUCCH resources including cyclic shifts and allocated PRBs should be utilized efficiently. Secondly, the SR by its nature can be present or not. This implies that allocating resources that would be unused if the SR is not present, creates unnecessary overhead. Therefore, we prefer to reduce the number of resources.  
However, reducing the number of resources should be done such that the impact on the DL throughput is minimized. With respect to minimizing the bundling impact on the throughput, the design should be based on the fact that even if the UE is configured with frequent SRs, the actual positive SR may not happen often. Hence the design should be such that the bundling occurs only when the SR is present. For the same reason, if NACK and negative SR are treated as DTX, the gNB interprets the actual need for retransmission as the new transmission (due to detecting DTX instead of NACK) on the occasions that the SR is configured although it may not be requested. Hence the DL throughput would be unnecessarily degraded. Therefore, from our perspective for a proper design, it is beneficial to reduce the number of resources when the SR request actually occurs. That implies to adopt the bundling approach conditioned that it is done when the SR is present. When the SR is configured but not present, the operation from the UE perspective should be similar to the case of the only HARQ-ACK transmission.
Furthermore, it is apparent that in case of 2-bit HARQ-ACK, the outcome of bundling is one bit, being ACK or NACK, similar to the case of 1-bit HARQ-ACK bit. The one bit NACK for any of these cases is transmitted on the configured resource for SR assuming SR is present while the ACK bit should be transmitted on the same resource which its cyclic shift is increased by 6 to follow the same framework as HARQ-ACK only transmission. In other words, two resources that are used for HARQ-ACK and SR when the SR is present are 6 cyclic shifts apart where the one with (bundled) HARQ-ACK as NACK is the configured SR resource. 
Finally, it is important to note that the simultaneous transmission of SR and HARQ-ACK is feasible if both are configured with the same format and there is no conflict with respect to resource allocation. If this condition fails, the SR should be simply dropped.
Based on the above discussion, we propose the following:
Proposal 1:
· When starting symbol of transmission of HARQ-ACK with PUCCH Format 0 coincides with occasion of the semi-static SR configuration,
· the SR is dropped and only HARQ-ACK is transmitted,
· if the PUCCH Format 0 is not used for configuration of the semi-static SR; OR
· if the PUCCH Format 0 is used for configuration of the semi-static SR, but the SR resource (i.e. PRB, symbol time and cyclic shift) is identical to one of the PUCCH format 0 resources to be used for transmission of the HARQ-ACK.
· Otherwise the SR and HARQ-ACK are simultaneously transmitted.
Proposal 2:
· For simultaneous transmission of the SR and the HARQ-ACK using PUCCH Format 0,
· In case of negative SR, the PUCCH format 0 resources for HARQ-ACK are used similarly to the case of only HARQ-ACK transmission.
· In case of positive SR,
· If the bundled HARQ-ACK bit is NACK, the configured PUCCH Format 0 resource for the SR is used for transmission HARQ-ACK and positive SR
· If the bundled HARQ-ACK bit is ACK, the ACK and SR is transmitted using the configured PUCCH Format 0 resource for the SR where its cyclic shift is increased by 6.
· Note: In case of 1-bit HARQ-ACK, bundling is ineffective and the bundled HARQ-ACK bit is equivalent to the original HARQ-ACK bit.
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In the previous meeting, transmission of short PUCCH in any symbol within a slot was agreed however it was further discussed whether the additional transmission occasions than the end of the slot are dependent to the case of non-slot based transmission. In the following we express our view that this capability is beneficial for NR operation in general and it should not be coupled to any slot-based or non-slot based transmission. 
To enable early HARQ feedback more frequent, distributed PUCCH resources over a slot interval are needed, as shown in Figure 1. The pure presence of a configured PUCCH resource (orange color in Figure 1) does not imply a UE is going to use it, a UE will only use it if it receives a DL assignment and is instructed to transmit PUCCH (red color in Figure 1) or if it is configured with an SR resource and it happens to require a SR. 
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[bookmark: _Ref498374866]Figure 1	Frequent PUCCH resources within a slot interval enable low-latency HARQ feedback.
A similar mechanism can also be used for the carrier aggregation scenario where high-band DL HARQ feedback is transmitted in the low-band UL. The high-band DL uses wide subcarrier spacing (Num2) because of phase noise. The low-band carrier may serve a wider coverage area than the high-band DL (i.e. the high-band DL only covers a hot spot) and uses narrow subcarrier spacing (Num1) to obtain required CP length without significant overhead. Another similar scenario is the supplementary uplink scenario (SUL). Without additional short PUCCH resources, the HARQ feedback is transmitted at the end of the low-band slot interval, several high-band slot intervals later, even for the case of slot-based transmission as shown in Figure 2.
[image: ]
[bookmark: _Ref498375187]Figure 2	HARQ feedback for a DL carrier in the high-band is transmitted on a low-band carrier.
Reporting HARQ feedback at the end of the low-band slot interval incurs longer HARQ RTT and potentially larger soft-buffer requirements (depending on details of soft-buffer handling). One possibility would be to insert additional short PUCCH resources in the low-band as described above. However, the main motivation here is not a low-latency application but to optimize MBB provided by high-band hotspot DL carrier. This does not justify in our view to degrade DL performance of the low-band carrier (as additional short PUCCH resources with frequent turn-around in TDD would do) with potentially much larger coverage area than the high-band carrier. Therefore, we think that for the low-high-band carrier aggregation scenario additional short PUCCH resources distributed over the low-band slot interval are of higher importance for low-band FDD where they do not degrade DL performance of the low-band carrier.
Therefore, based on the above discussion we propose:
Proposal 3:
· Configuration of a short PUCCH transmission time within a slot is not dependent on the non-slot based transmission. 
On frequency domain sequence hopping
[bookmark: _Hlk498544648]It was agreed in the previous meeting to enable the base sequence hopping of PUCCH format 0 by cell-specific RRC parameters for PUCCH transmission in different slots. We propose to reuse the LTE procedure for base sequence hopping and propose the following: 
Proposal 4:
· The base sequence hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID at the beginning of each radio frame.
· The hopping pattern depends on the slot index in the radio frame and the RRC configured ID similarly to LTE.

Furthermore, we do not see the necessity of enabling the cyclic shift hopping for PUCCH format 0 transmission in different slots. In NR, as oppose to LTE, the time and frequency allocation for PUCCH transmission can vary for different transmission occasions which by design provides randomization. Hence, introducing additional level of randomization complicates is not fully justified yet. However, it is agreed to adopt cyclic shift hopping for 2-symbol PUCCH based on Format 0 [4]. Also, interests were expressed to adopt cyclic shift hopping for the long PUCCH, i.e. PUCCH Format 1 [5].  Therefore, since cyclic shift hopping is supported for 2-symbol PUCCH at least, it is preferred to have a unified design for enabling cyclic shift hopping in different formats. In that sense, our preference is to to reuse the LTE cyclic shift hopping pattern with adequate modification for the usage of PUCCH formats in NR. Hence, we propose the following:
Proposal 5:
· Symbol based cyclic shift hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID.
· The hopping pattern depends on the slot index in the radio frame and the symbol index in the slot and the RRC configured ID similarly to LTE.
On mapping of HARQ-ACK bits to cyclic shifts
As agreed the number of available cyclic shifts for a base sequence within a PRB is 12. A user can be assigned with some of these cyclic shifts to form the sequences that are used for transmission of HARQ-ACK bits. In the previous meeting, it was agreed that in the absence of the SR, a UE assumes 2 or 4 sequences with equally distance cyclic shifts within a PRB for transmission of 1 or 2 bits HARQ-ACK, respectively. 
It has been claimed that changing the mapping between the HARQ-ACK bits and the cyclic shifts introduces a level of randomization that can potentially reduce the intra-cell interference. The intra-cell interference can be reduced by proper allocation of cyclic shifts to different UEs with respect to their initial cyclic shifts. It is not clear how changing the bits to CS mapping reduces the intra-cell interference where due to the random nature of the transmitted HARQ-ACK bits, the cyclic shifts used for transmission of HARQ-ACK would be randomly changing from one transmission to the other even with fixed mapping. Therefore, we are on the opinion of not introducing additional complexity by changing the mapping between the HARQ-ACK bits and the cyclic shifts for different transmissions of PUCCH format 0 and propose the following:
Proposal 6:
· In case of 1-bit HARQ-ACK, NACK and ACK are mapped to cyclic shifts n0 and n0+6, respectively where n0 is the UE specific initial cyclic shift. 
· In case of 2-bit HARQ-ACK, the pair of (NACK, NACK), (NACK, ACK), (ACK, ACK) and (ACK, NACK) are mapped to cyclic shifts n0, n0+3, n0+6 and n0+9, respectively where n0 is the UE specific initial cyclic shift. 
Conclusion
In this contribution, we discussed the remaining design issue for the short-PUCCH for up to 2 bits. Based on the analysis and performance evaluation we proposed the following:
Proposal 1:
· When starting symbol of transmission of HARQ-ACK with PUCCH Format 0 coincides with occasion of the semi-static SR configuration,
· the SR is dropped and only HARQ-ACK is transmitted,
· if the PUCCH Format 0 is not used for configuration of the semi-static SR; OR
· if the PUCCH Format 0 is used for configuration of the semi-static SR, but the SR resource (i.e. PRB, symbol time and cyclic shift) is identical to one of the PUCCH format 0 resources to be used for transmission of the HARQ-ACK.
· Otherwise the SR and HARQ-ACK are simultaneously transmitted.
Proposal 2:
· For simultaneous transmission of the SR and the HARQ-ACK using PUCCH Format 0,
· In case of negative SR, the PUCCH format 0 resources for HARQ-ACK are used similarly to the case of only HARQ-ACK transmission.
· In case of positive SR,
· If the bundled HARQ-ACK bit is NACK, the configured PUCCH Format 0 resource for the SR is used for transmission HARQ-ACK and positive SR
· If the bundled HARQ-ACK bit is ACK, the ACK and SR is transmitted using the configured PUCCH Format 0 resource for the SR where its cyclic shift is increased by 6.
· Note: In case of 1-bit HARQ-ACK, bundling is ineffective and the bundled HARQ-ACK bit is equivalent to the original HARQ-ACK bit.
Proposal 3:
· Configuration of a short PUCCH transmission time within a slot is not dependent on the non-slot based transmission. 
Proposal 4:
· The base sequence hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID at the beginning of each radio frame.
· The hopping pattern depends on the slot index in the radio frame and the RRC configured ID similarly to LTE.
Proposal 5:
· Symbol based cyclic shift hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID.
· The hopping pattern depends on the slot index in the radio frame and the symbol index in the slot and the RRC configured ID similarly to LTE.
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· In case of 1-bit HARQ-ACK, NACK and ACK are mapped to cyclic shifts n0 and n0+6, respectively where n0 is the UE specific initial cyclic shift. 
· In case of 2-bit HARQ-ACK, the pair of (NACK, NACK), (NACK, ACK), (ACK, ACK) and (ACK, NACK) are mapped to cyclic shifts n0, n0+3, n0+6 and n0+9, respectively where n0 is the UE specific initial cyclic shift. 
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